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INITIAL INSPECTION It is recommended that the shipment be thoroughly inspected im- 

mediately upon delivery to the purchaser. All material in the 
container should be checked against the enclosed Packing List. 
LeCroy cannot accept responsibility for shortages in comparison 
with the Packing List unless notified promptly. If the shipment is 
damaged in any way, please contact the Customer Service Depart- 
ment or local field office immediately. 

WARRANTY LeCroy warrants its oscilloscope products to operate within specifi- 

cations under normal use for a period of two years from the date of 
shipment. Spares, replacement parts and repairs are warranted for 
90 days. The instrument’s firmware is thoroughly tested and 
thought to be functional, but is supplied “as is” with no warranty of 
any kind covering detailed performance. Products not manufac- 
tured by LeCroy are covered solely by the warranty of the original 
equipment manufacturer. 

In exercising this warranty, LeCroy will repair or, at its option, 
replace any product returned to the Customer Service Department 
or an authorized service facility within the warranty period, pro- 
vided that the warrantor’s examination discloses that the product 
is defective due to workmanship or materials and that the defect 
has not been caused by misuse, neglect, accident or abnormal con- 
ditions or operation. 

The purchaser is responsible for the transportation and insurance 
charges arising from the return of products to the servicing facility. 
LeCroy will return all in-warranty products with transportation 
prepaid. 

This warranty is in lieu of all other warranties, expressed or im- 
plied, including but not limited to any implied warranty of 
merchantability, fitness, or adequacy for any particular purpose or 
use. LeCroy shall not be liable for any special, incidental, or con- 
sequential damages, whether in contract or otherwise. 

PRODUCT ASSISTANCE Answers to questions concerning installation, calibration, and use 

of LeCroy equipment are available from the. Customer Service De- 
partment, 700 Chestnut Ridge Road, Chestnut Ridge, New York 
10977-6499, U.S.A., tel. (914)578-6059, and 2, chemin Pre- 
de-la-Fontaine. 1217 Meyrin 1, Geneva, Switzerland, tel. 
(41)22/719 21 11, or your local field engineering office. 



MAINTENANCE 

AGREEMENTS LeCroy offers a selection of customer support services. For exam- 

ple, maintenance agreements provide extended warranty and 
allow the customer to budget maintenance costs after the initial 
two year warranty has expired. Other services requested by the 
customer such as installation, training, on-site repair, and addi- 
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tion of engineering improvements are made available through 
specific Supplemental Support Agreements. 



DOCUMENTATION 

DISCREPANCIES LeCroy is committed to providing state-of-the-art instrumenta- 

tion and is continually refining and improving the performance of 
its products. While physical modifications can be implemented 
quite rapidly, the corrected documentation frequently requires 
more time to produce. Consequently, this manual may not agree in 
every detail with the accompanying product. There may be small 
discrepancies in the values of components for the purposes of 
pulse shape, timing, offset, etc., and, occasionally, minor logic 
changes. Where any such inconsistencies exist, please be assured 
that the unit is correct and incorporates the most up-to-date cir- 
cuitry. 

SERVICE PROCEDURE Products requiring maintenance should be returned to the Cus- 
tomer Service Department or authorized service facility. LeCroy 
will repair or replace any product under warranty at no charge. 
The purchaser is only responsible for the transportation charges 
arising from return of the goods to the service facility. 

For all LeCroy products in need of repair after the warranty pe- 
riod, the customer must provide a Purchase Order Number before 
any equipment which does not operate correctly can be repaired 
or replaced. The customer will be billed for the parts and labor for 
the repair, as well as for shipping. 

RETURN PROCEDURE To determine your nearest authorized service facility, contact the 

Customer Service Department or your field office. All products 
returned for repair should be identified by the model and serial 
numbers and include a description of the defect or failure, name 
and phone number of the user, and, in the case of products re- 
turned to the factory, a Return Authorization Number (RAN). 
The RAN may be obtained by contacting the Customer Service 
Department in New York, tel. (914)578-6097, in Geneva, tel. 
(41)22/719 21 11, or your nearest sales office. 

Return shipments should be made prepaid. LeCroy will not accept 
C.O.D. or Collect Return Shipments. Air-freight is generally rec- 
ommended. Wherever possible, the original shipping carton 
should be used. If a substitute carton is used, it should be rigid and 
be packed such that the product is surrounded with a minimum of 
four inches of excelsior or similar shock-absorbing material. In 
addressing the shipment, it is important that the Return Authoriza- 
tion Number be displayed on the outside of the container to ensure 
its prompt routing to the proper department within LeCroy. 
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INTRODUCTION 



9420 ARCHITECTURE 




The LeCroy 9420 is a wide bandwidth digital oscilloscope suited to 
a variety of engineering design and test applications. It is used to 
capture, analyze, display and archive electrical waveforms in fields 
such as analog and digital engineering, automated test and meas- 
urement, telecommunication and electronics research. 

The 9420 features two 100 megasample/second 8~bit Flash ADC 
systems, two 50K non-volatile memories for waveform acquisition 
and storage, and an additional four 50K memories for waveform 
processing and temporary storage. High-speed internal data trans- 
fer and processing are performed using a multi-processor system. 
The central processor is a powerful Motorola 68020 microproces- 
sor which performs computations and controls the oscilloscope's 



All front-panel knobs and buttons are constantly monitored by the 
internal processor, and front-panel setups are rapidly recon- 
figured via the unit’s internal 16-bit bus. Data are quickly 
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processed according to the selected front-panel setups, and are 
transferred to the display memory for direct waveform display or 
stored in the 9420’s reference memories. 

The 68020 controls the unit’s GPIB (IEEE-488) remote control 
port, as well as the RS-232-C port which is used to directly inter- 
face the 9420 to a digital plotter, printer, remote terminal or other 
slow-speed device. 



ADCs AND MEMORIES Each of the 9420’s two identical input channels is equipped with a 

100 megasample/second, 8-bit ADC and a 50 kiloword acquisi- 
tion memory (see Figure 4). This dual ADC architecture ensures 
absolute amplitude and phase correlation, maximum ADC per- 
formance for both single- and dual-channel acquisition modes, 
large record lengths and excellent time resolution. 

The 9420’s two 50K acquisition memories simplify transient cap- 
ture by providing very long waveform records that capture 
waveforms even when trigger timing or signal speed is uncertain. In 
addition, a special expansion facility magnifies waveforms by up to 
1000 times the selected time-base speed. 

The 9420 oscilloscope is capable of acquiring and storing repetitive 
signals at a Random Interleaved Sampling (RIS) rate of 10 giga- 
samples/second. RIS is a high-precision, digitizing technique that 
enables measurement of repetitive signals to a bandwidth of 
350 MHz with an effective sampling interval of 100 psec and 
measurement resolution of 5 psec. 

The 9420 assures precision measurements over its entire range of 
operation. 



TRIGGER The 9420’s digitally-controlled trigger system offers an extensive 

range of trigger capabilities. Front-panel and menu controls let the 
user choose the appropriate trigger function for the signal. 

In the standard trigger mode the 9420’s front-panel controls are 
used to select and set parameters such as pre- and post-trigger 
recording, sequence and roll modes, in addition to the Auto, Nor- 
mal and Sin^e (Hold) modes. The trigger source can be line, 
external or either of the two inputs. The coupling is selected from 
HF, AC, LF REJect, HF REJect and DC and the slope from posi- 
tive and negative. 
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The SMART trigger facility provides a complete range of sophisti- 
cated and versatile trigger features. The following trigger classes 
and operational modes are available: 



Trigger Classes 


Operational Modes 


Single-source trigger 
Pattern trigger 


Hold-off by time 
Hold-off by number of events 
Pulse width > 

Pulse width < (FASTGLITCH) 
Interval width > 

Interval width < 


State-qualified trigger 
Time/event qualified trigger 


Wait for a given lime 
Wait for a given event count 


TV trigger 


Trigger on a given line in a 
chosen field 



AUTOMATIC 

CALIBRATION The 9420 has an automatic calibration facility that ensures overall 

vertical accuracy of ± 2% of full scale and a time-base interpola- 
tor accuracy of ± 20 psec RMS for the unit’s crystal-controlled 
time base. 

The time base is calibrated each time the 9420’s time-base control 
is adjusted to a new Time/div setting; vertical gain and offset cali- 
bration take place each time the front-panel fixed gain control for 
either Chan 1 or Chan 2 is adjusted to a new Volts/div setting. 
Both channels are also calibrated each time the Bandwidth Limit 
button is pressed. In addition, the 9420 performs periodic calibra- 
tion to ensure the long term stability at a particular setting. 

DISPLAY The 9420’s large 12.5 X 17.5 cm (5 X 7 inches) screen displays 

waveforms with high resolution and serves as an interactive, user- 
friendly interface via a set of pushbuttons located immediately to 
the left and right of the CRT. 

The oscilloscope displays up to four waveforms, while simultane- 
ously reporting the parameters controlling signal acquisition. In 
addition, the screen presents internal status and measurement re- 
sults, as well as operational, measurement, and waveform analysis 
menus. 

A hard copy of the 9420’s screen is available via the unit’s front- 
panel screen dump button. Plotting is done in parallel with normal 
oscilloscope operation. 
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MANUAL/REMOTE 

CONTROL The 9420's front-panel layout and operation will be very familiar 

to users of analog oscilloscopes. The “analog” feel is emphasized 
by rapid instrument response and the fact that waveforms are pre- 
sented instantly on the high-resolution screen. 

The 9420 has also been designed for remote control operation in 
automated testing and computer-aided measurement applica- 
tions. The entire measurement process, including cursor and pulse 
parameter settings, dynamic modification of front-panel settings 
and display organization, can be controlled via the rear-panel 
GPIB (IEEE-488) and RS-232-C ports. 

The LeCroy 9420 is capable of storing up to seven front-panel 
setups which may be recalled either manually or by remote con- 
trol, thus ensuring rapid oscilloscope front-panel configuration. 
When the power is switched off, the current 9420 front-pane! set- 
ting is automatically stored, for subsequent recall, at the next 
power on. 

SPECIFICATIONS 



Vertical Analog Section Bandwidth (- 3 dB): 

@ 50 a: DC to 350 MHz. 

@ 1 MO AC: < 10 Hz to 250 MHz typical at the probe tip. 
@ 1 MH DC: DC to 250 MHz typical at the probe tip. 

Input impedance: 1 Mfl // 30 pF and 50 fl d: 1%. 

Channels: Two independent channels; standard BNC connector 
inputs. 

Sensitivity: 5 mV/div to 2.5 V/div continuously variable from 1 to 
2.5 times the fixed setting. Fixed settings range from 5 mV/div to 
1 V/div in a 1, 2, 5 sequence. 

Vertical expansion: up to 5 times (with averaging, up to 10 times 
or 500 jxV/div sensitivity). 

Scale factors: Probe attenuation factors of xl, XlO, XlOO, 
X 1000 or X 10000 may be selected and are remotely programma- 
ble. 

Offset: ± 12 times the fixed sensitivity setting in 0.02 division 
increments up to ± 10 V max.; ±24 div @ 10 mV/div; 
± 48 div @ 5 mV/div. 

DC accuracy: ± 2%. 

Bandwidth limiter: 80 MHz (- 3 dB) typical. 

Max input voltage: 250 V (DC + peak AC) at 1 MD, ± 5 V DC 
(500 mW) or 5 V RMS at 50 O. 
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Vertical Digital Section 



Peak and Glitch Detection 



Horizontal Section 

Time Base 

Acquisition Modes 



Horizontal expansion 



ADCs: One per channel, 8-bit Flash. 

Conversion rate: Up to 100 megasamples/sec for transients, up to 
10 gigasamples/sec for repetitive signals, simultaneously on both 
channels. 

Aperture uncertainty: ± 10 psec. 

Acquisition memories, Channel 1 and 2: Non-volatile memories 
(battery backed for a minimum of 2 years) of 50 kilowords per 
channel can be segmented into 2, 5, 10, 20, 50, 100 or 200 
blocks. 

Reference memories, C and 0: 50K, 16-bit word memories 
which can store one acquired and/or processed waveform, or up to 
200 waveforms when segmented. 

Function memories E and F: Two 50K, 16-bit word memories 
for waveform processing. 

Minimum and maximum peaks, as fast as 0.002% of the record 
length (minimum 10 nsec), are captured and displayed with 100% 
probability. 

Using LeCroy’s new FASTGLITCH trigger technique (see the trig- 
ger section below) , glitches faster than 2.5 nsec can be detected 
on all time-base settings. 



Range: 1 nsec/div to 5000 sec/div. 

Clock accuracy: < ± 0.01%. 

Interpolator resolution: 5 psec. 

Sampling clock output: BNC connector on rear panel. 
External clock in: BNC connector on rear panel. 

Random Interleaved Sampling (RIS) for repetitive signals from 
1 nsec/div to 20 psec/div; 

Single shot for transient signals and repetitive signals from 
50 nsec/div to 200 msec/div; 

Roll for slowly changing signals from 500 msec/div to 5000 sec/ 
div. 

Sequence mode divides the acquisition memory into 2, 5, 10, 20, 
50, 100, or 200 segments. 

Dual zoom mode allows two different signals or two different sec- 
tions of the same signal to be expanded up to 1000 times. 
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Trigger Pretrigger recording: Adjustable in 0.2% increments to 100% of 

full scale (grid width). 

Post-trigger delay: Adjustable in 0.02 division increments up to 
10,000 divisions. 

External trigger input: 1 Mfl, < 20 pF, 250 V max. (DC + peak 

AC). 

External trigger range; di 2 V in Ext, ± 20 V in Ext/10. 

Rate: Up to 500 MHz using HF trigger coupling. 

Timing: Trigger timing (date and time) is listed in the memory 
status menu. The timing of subsequent triggers in sequence mode 
is measured with 0.1 sec absolute resolution, or nanosecond reso- 
lution relative to the time of the first trigger. 

Trigger out: BNC connector on rear panel. 

Trigger veto: BNC connector on rear panel. 



Sources: Chanl, Chan2, Line, Ext, Ext/ 1 0 . Chanl, Chan2 
and Ext have independent trigger circuits allowing slope, cou- 
pling and level to be set individually for each source. 

Slope: Positive, negative. 

Coupling: HF, AC, LF REJ, HF REJ, DC. 



Auto: Automatically re-arms after each sweep. If no trigger 
occurs, one is generated at an appropriate rate. 

Normal: Re-arms after each sweep. If no trigger occurs af- 
ter a reasonable length of time, the warning message “No or 
Slow Trigger” is displayed. 

Single (hold): Holds display after a trigger occurs. Re-arms 
only when the “single” button is pressed again. 

Sequence: Stores multiple events in segmented acquisition 
memories. 

SMART Trigger 

Single-source trigger operational modes: 

Hold-off by time: 25 nsec to 20 sec. 

Hold-off by events: 0 to 1,000,000,000 events. 




9420 Product Description 



Width-based trigger modes: 

Puise width < (FASTGLITCH); Triggers on opposite 
slopes of pulses narrower than a value in the range 2 . 5 nsec 
to 20 sec. 

Pulse width >: Triggers on opposite slopes of pulses wider 
than a value in the range 2.5 nsec to 20 sec. 

Interval width <; Triggers on similar slopes of signals nar- 
rower than a value in the range 10 nsec to 20 sec. 

Interval width >: Triggers on similar slopes of signals wider 
than a value in the range 25 nsec to 20 sec. 

Multi-source trigger operational modes: 

Pattern: Triggers on the logical AND of the three sources 
Chanl, Chan2 and Ext, where each source can be defined 
as high (H), low (L) or don’t care (X). The trigger can be 
selected at the beginning (entered) or at the end (exited) of 
the specified pattern. All the single-source operational 
modes are also available. 

Bi-!evel: This is a special condition of pattern trigger which 
allows the 9420 to trigger on any signal that exceeds a cer- 
tain preset high or low trigger level. The signal must be 
connected simultaneously to two channels. The third trigger 
channel must be set to don’t care (X). 

State qualified: Allows the 9420 to trigger on any source 
(Chanl, Chan2 or Ext), while requiring that a certain pat- 
tern of the other two channels is present or absent. An 
additional wait by time or by number of events can be se- 
lected from the moment the pattern is valid to the moment 
at which the trigger is valid. 

Time/Event qualified: Allows the 9420 to uigger on any 
source (Chanl, Chan2 or Ext), as soon as a certain pattern 
of the three channels is entered or exited. From the mo- 
ment of validity, a delay until a source trigger is accepted 
can be defined in terms of time or number of events. 

TV trigger operational modes: 

Any line; Triggers at the beginning of the front porch of a 
composite video signal applied to the Ext trigger input. 

Line mode: Triggers at the beginning of the front porch of 
the chosen line of a composite video signal applied to the 
Ext trigger input. 

Field choice: The 9420 allows the user to select which field 
the chosen line should be in. The field can be specified in 



9 



9420 Product Description 



the range i to the total number of fields. This total number 
of fields can take one of the values 1, 2, 4 or 8. The 9420’s 
hardware circuits can distinguish between the odd and even 
fields for the standard forms of TV signals. Knowledge of 
the time interval between triggers allows the 9420 to make a 
“relative” distinction between fields 1, 3, 5, and 7 (or 2, 4, 
6, and 8). This is the exclusive “FIELDLOCK” feature of 
the 9420. It should be noted that this final field identifica- 
tion is not absolute. The 9420 offers direct support for the 
two most common system characteristics 625/50/2:1 and 
525/60/2: 1. It also supports an extended class with arbitrary 
line count, 50 or 60 fields/sec and arbitrary interlace factor. 

Display CRT: 12.5 X 17.5 cm (5 X 7 inches) ; magnetic deflection; vector 

type. 

Resolution; 4096 X 4096 points. 

Real-time clock: Date, hours, minutes, seconds. 

Grid: Internally generated; separate intensity control for grid and 
waveforms. Single, dual and pulse parameter measurement grid 
modes. 

XY mode: Plots any two sources (Chanl and 2, Expand A and B, 
Memories C and D, and functions E and F) against one another. 
Operates on live waveforms with cursor readout. 

Hard copy: Single- or multi-pen digital plotters as well as printers 
can be used to make hard copies of the display. Screen dumps are 
activated by a front-panel button or via remote control. Plotters 
supported are: the HP 7400 and 7500 series. Philips PM 8151, 
Graphtek FP 5301, and compatible models. Plotting can be done 
in parallel with normal 9420 operation. Printers supported are: 
IBM, EPSON (and compatibles) and the HP ThinkJet, QuietJet 
and LaserJet. 

Graphics: All waveforms and display information are presented 
using vector (linear) graphics. Expanded waveforms use LeCroy’s 
DOT-LINEAR graphics that highlight actual data points and inter- 
polate linearly between them. 

Menus: Waveform storage; acquisition parameters; memory 
status; save/recall front-panel configurations; SMART trigger; 
waveform parameters, RS-232-C configuration; hardcopy setup 
and real-time clock setup, averaging, and arithmetic. 

Cursors Relative time: Two cursors provide time measurements with a 

vertical resolution of ± 0.2% of full scale for unexpanded traces; 
up to ± 0.001% or csj 10% of data point sampling interval. The 
corresponding frequency information is also provided. 
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Remote Control 



Relative voltage: Two horizontal bars measure voltage differ- 
ences to ± 0.2% of full scale for each trace. 

Absolute time: A cross-hair marker measures the time relative to 
the trigger, as well as absolute voltage versus signal ground. 

Absolute voltage: A reference bar measures absolute voltage with 
respect to ground. 

Pulse parameters; Two cross-hair cursors are used to define a 
region of interest for which pulse parameters will be calculated 
automatically. 

Pressing the auto-setup button automatically scales the time-base, 
trigger and sensitivity settings to provide a stable display for a wide 
range of repetitive input signals. 

Type of signals detected: Repetitive signals with amplitudes be- 
tween 2 mV and 8 V, frequency above 50 Hz and a duty cycle 
greater than 0.1%. 

Auto-setup time: Approximately 2 sec. 

Waveform processing routines are called and set up via menus. 
These include arithmetic functions (add, subtract and invert), and 
summation averaging (up to 1000 signals) . 

Pulse parameters: Based on ANSI/IEEE Std 181-1977 “Stan- 
dard on Pulse Measurement and Analysis by Objective 
Techniques” . The terminology is derived from IEEE Std 
194-1977 “Standard Pulse Terms and Definitions”. 

Automatic measurements determine: 



Maximum 

Minimum 

Mean 



Period 
Pulse width 
Risetime 



Standard deviation Falltime 
RMS Delay 

Sources: Chanl, Chan2, Memory C or D, Function E or F, Ex- 
pand A or B. Cursors define the measurement zone. With more 
than 1 pulse present in the measurement zone, averaged results for 
period, width, risetime and falltime are presented. 

Front-panel controls, including variable gain, offset, position con- 
trols and cursors, as well as all internal functions are 
programmable. 

RS-232-C port; For computer/terminal control or plotter con- 
nection. Asynchronous up to 19200 baud. 
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Probes 



Self Tests 



General 



GPIB port: (IEEE-488). Configured as talkerAistener for com- 
puter control and fast data transfer. Address switches on rear 
panel. 

Local/remote: Remote control can be interrupted for local (man- 
ual) control at any time (except when in remote control with the 
lock-out state selected) by pushing a button on the front panel. 

Model: Two P9020 (x 10, 10 MO // 3.33 pF) probes supplied. 

Probe calibration: 1 kHz square wave, 1 V p-p. 

Probe power: Two rear-panel power outlets for use with active 
probes provide ± 15 V, + 5 V DC. 

Auto-calibration ensures accuracy of: 

Overall DC accuracy: dtz 2% full scale at settings > 5 mV/div 
± 3% full scale at 5 mV/div 

Time: 20 psec RMS. 

Temperature: 5 to 40° C (41 to 104° F) rated; 0 to 50° C (32 to 
122° F) operating. 

Humidity: < 80%. 

Power required: 110 or 220 V AC, 45 to 440 Hz, 275 W. 

Battery backup: Lithium batteries maintain front-panel settings 
and waveform data for 2 years. 

Enclosure: (HWD) 19.2 X 36.5 X 46.5 cm, (IVi X HVa X 19V2 
inch) . 

Weight: 15 kg (33 lbs) net, 20 kg (44 lb) shipping. 

Warranty: 2 years. 





INTRODUCTION The LeCroy 9450 is a high-performance digital oscilloscope suited 

to a wide variety of research , design and test applications. It is used 
to capture, analyze, display and archive electrical waveforms in 
fields such as electronic engineering, physics and deferivse re- 
search, automated testing and measurement, telecommunications, 
laser research, computer design, electromagnetic pulse and inter- 
ference measurement, lidar technology and ultrasonics research. 

9450 ARCHITECTURE The 9450 features two 400 megasample/second S-bit Flash ADC 

systems, two 50K non-volatile memories for waveform acquisition 
and storage, and an additional four 50K memories for waveform 
processing and temporary storage. High-speed interrtal data trans- 
fer and processing are performed using a multi-processor system. 
The central processor is a powerful Motorola 68020 microproces- 
sor which performs computations and controls the oscilloscope’s 
operation. 
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All front-panel knobs and buttons are constantly monitored by the 
internal processor, and front-panel setups are rapidly recon- 
figured via the unit’s internal 16-bit bus. Data are quickly 
processed according to the selected front-panel setups, and are 
transferred to the display memory for direct waveform display or 
stored in the 945 O’s reference memories. 

The 68020 controls the unit’s GPIB (IEEE-488) remote control 
port, as well as the RS-232-C port which is used to directly inter- 
face the 9450 to a digital plotter, printer, remote terminal or other 
slow-speed device. 

ADCs AND MEMORIES Each of the 9450’s two identical input channels is equipped with a 

400 megasample/second, 8-bit ADC and a 50 kiloword acquisi- 
tion memory (see Figure 5). This dual ADC architecture ensures 
absolute amplitude and phase correlation, maximum ADC per- 
formance for both single- and dual-channel acquisition modes, 
large record lengths and excellent time resolution. 

The 9450’s two 50K acquisition memories simplify transient cap- 
ture by providing very long waveform records that capture 
waveform features even when trigger timing or signal speed is un- 
certain. In addition, a special expansion facility magnifies 
waveforms by up to 1000 times the selected time-base speed. 

The 9450 oscilloscope is capable of acquiring and storing repetitive 
signals at a Random Interleaved Sampling (RIS) rate of 10 giga- 
samples/second. RIS is a high-precision, digitizing technique that 
enables measurement of repetitive signals to a bandwidth of 
350 MHz with an effective sampling interval of 100 psec and 
measurement resolution of 5 psec. 

The 9450 assures precision measurements over its entire range of 
operation. 

TRIGGER The 9450’s digitally-controlled trigger system offers an extensive 

range of trigger capabilities. Front-panel and menu controls let the 
user choose the appropriate trigger function for the signal. 

In the standard trigger mode the 9450’s front-panel controls are 
used to select and set parameters such as pre- and post-trigger 
recording, sequence and roll modes, in addition to the Auto, Nor- 
mal and Single (Hold) modes. The trigger source can be line, 
external or either of the two inputs. The coupling is selected from 
HF, AC, LF REJect, HF REJect and DC and the slope from posi- 
tive and negative. 
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The SMART trigger facility provides a. complete range of sophisti- 
cated and versatile trigger features. The- following trigger classes 
and operational modes are available: 



Trigger Classes 


Operational Modes 


Single-source trigger 
Pattern trigger 


Hold-off by time 
Hold-off by number of events 
Pulse width > 

Pulse width < (FASTGLITCH) 
Interval width > 

Interval width < 




Wail for a given time 
Wait for a given event count 


1 TV trigger 


Trigger on a given line in a 
chosen field 



AUTOMATIC 

CALIBRATION The 9450 has an automatic calibration facility that ensures overall 

vertical accuracy of ± 2% of full scale and a time-base interpola- 
tor accuracy of ± 20 psec RMS for the unit’s crystal-controlled 
time base. 

The time base is calibrated each time the 9450’s time-base control 
is adjusted to a new Time/div setting; vertical gain and offset cali- 
bration take place each time the front-panel fixed gain control for 
either Chan 1 or Chan 2 is adjusted to a new Volts/div setting. 
Both channels are also calibrated each time the Bandwidth Limit 
button is pressed. In addition, the 9450 performs periodic calibra- 
tion to ensure the long term stability at a particular setting. 

DISPLAY The 9450’s large 12.5 X 17.5 cm (5 X 7 inches) screen displays 

waveforms with high resolution and serves as an interactive, user- 
friendly interface via a set of pushbuttons located immediately to 
the left and right of the CRT. 

The oscilloscope displays up to four waveforms, while simultane- 
ously reporting the parameters controlling signal acquisition. In 
addition, the screen presents internal status and measurement re- 
sults, as well as operational, measurement, and waveform analysis 
menus. 

A hard copy of the 9450’s screen is available via the unit’s front- 
panel screen dump button. Plotting is done in parallel with normal 
9450 operation. 
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9450 Product Description 



MANUAL/REMOTE 

CONTROL The 9450’s front-panel layout and operation will be very familiar 

to users of analog oscilloscopes. The “analog” feel is emphasized 
by rapid instrument response and the fact that waveforms are pre- 
sented instantly on the high-resolution screen. 

The 9450 has also been designed for remote control operation in 
automated testing and computer-aided measurement applica- 
tions. The entire measurement process, including cursor and pulse 
parameter settings, dynamic modification of front-panel settings 
and display organization, can be controlled via the rear-panel 
GPIB (IEEE-488) and RS-232-C ports. 

The LeCroy 9450 is capable of storing up to seven front-panel 
setups which may be recalled either manually or by remote con- 
trol, thus ensuring rapid oscilloscope front-panel configuration. 
When the power is switched off, the current 9450 front-panel set- 
ting is automatically stored, for subsequent recall, at the next 
power on. 



Vertical Analog Section Bandwidth (- 3 dB): 

@ SO H: DC to 350 MHz. 

@ 1 MH AC: < 10 Hz to 250 MHz typical at the probe tip. 
@ 1 MH DC: DC to 250 MHz typical at the probe tip. 

Input impedance: 1 MfX // 30 pF and 50 O ± 1%. 

Channels: Two independent channels; standard BNC connector 
inputs. 

Sensitivity: 5 mV/div to 2.5 V/div continuously variable from 1 to 
2.5 times the fixed setting. Fixed settings range from 5 mV/div to 
1 V/div in a 1, 2, 5 sequence. 

Vertical expansion: up to 5 times (with averaging, up to 10 times 
or 500 pV/div sensitivity). 

Scale factors: Probe attenuation factors of xl, XlO, XlOO, 
X 1000 or X 10000 may be selected and are remotely programma- 
ble. 

Offset: ± 12 times the fixed sensitivity setting in 0.02 division 
increments up to ± 10 V max.; ±24 div @ 10 mV/div; 
± 48 div @ 5 mV/div. 

DC accuracy: < ± 2%. 

Bandwidth limiter: 80 MHz (- 3 dB) typical. 

Max input voltage: 250 V (DC + peak AC) at 1 MD, ± 5 V DC 
(500 mW) or 5 V RMS at 50 O. 
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Vertical Digital Section ADCs: One per channel, 8-blt Flash. 

Conversion rate: Up to 400 megasamples/sec for transients, up to 
10 gigasamples/sec for repetitive signals, simultaneously on both 
channels. 

Aperture uncertainty: ± 10 psec. 

Acquisition memories, Channel 1 and 2: Non-volatile memories 
(battery backed for a minimum of 2 years) of 50 kilowords per 
channel can be segmented into 2, 5, 10, 20, 50, 100 or 200 
blocks. 

Reference memories, C and D: 50K, 16-bit word memories 
which can store one acquired and/or processed waveform, or up to 
200 waveforms when segmented. 

Function memories E and F: Two 50K, 16-bit word memories 
for waveform processing. 

Peak and Glitch Detection Minimum and maximum peaks, as fast as 0.002% of the record 

length (minimum 2.5 nsec) , are captured and displayed with 
100% probability. 

Using LeCroy’s new FASTGLITCH trigger technique (see the trig- 
ger section below) , glitches faster than 2.5 nsec can be detected 
on all time-base settings. 



Horizontal Section 



Time Base 



Acquisition Modes 



Horizontal expansion 



Range: 1 nsec/div to 5000 sec/div. 

Clock accuracy: < ± 0.01%. 

Interpolator resolution: 5 psec. 

Sampling clock output: BNC connector on rear panel. 
External clock in: BNC connector on rear panel. 

Random Interleaved Sampling (RIS) for repetitive signals from 
1 nsec/div to 5 p-sec/div; 

Single shot for transient signals and repetitive signals from 
10 nsec/div to 200 msec/div; 

Roll for slowly changing signals from 500 msec/div to 5000 sec/ 
div. 

Sequence mode divides the acquisition memory into 2, 5, 10, 20, 
50, 100, or 200 segments. 

Dual zoom mode allots two different signals or two different sec- 
tions of the same signal to be expanded up to 1000 times. 
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Trigger Pretrigger recording: Adjustable in 0.2% increments to 100% of 

full scale (grid width). 

Post-trigger delay: Adjustable in 0.02 division increments up to 
10,000 divisions. 

External trigger input: 1 MH, < 20 pF, 250 V max. (DC + peak 
AC). 

External trigger range: ± 2 V in Ext, ± 20 V in Ext/10. 

Rate: Up to 500 MHz using HF trigger coupling. 

Timing: Trigger timing (date and time) is logged in the memory 
status menu. The timing of subsequent triggers in sequence mode 
is measured with 0.1 sec absolute resolution, or nanosecond reso- 
lution relative to the time of the first trigger. 

Trigger out: BNC connector on rear panel. 

Trigger veto: BNC connector on rear panel. 



Sources: Chanl, Chan2, Line, Ext, Ext/10. Chanl, Chan2 
and Ext have independent trigger circuits allowing slope, cou- 
pling and level to be set individually for each source. 

Slope: Positive, negative. 

Coupling: HF, AC, LF REJ, HF REJ, DC. 



Auto: Automatically re-arms after each sweep. If no trigger 
occurs, one is generated at an appropriate rate. 

Normal: Re-arms after each sweep. If no trigger occurs af- 
ter a reasonable length of time, the warning message “No or 
Slow Trigger” is displayed. 

Single (hold): Holds display after a trigger occurs. Re-arms 
only when the “single” button is pressed again. 

Sequence: Stores multiple events in segmented acquisition 
memories. 

SMART Trigger 

Single-source trigger operational modes: 

Hold-off by time: 25 nsec to 20 sec. 

Hold-off by events: 0 to 1,000,000,000 events. 
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Width-based trigger modes; 

Pulse width < (FASTGLITCH): Triggers on opposite 
slopes of pulses narrower than a value in the range 2.5 nsec 
to 20 sec. 

Pulse width >: Triggers on opposite slopes of pulses wider 
than a value in the range 2.5 nsec to 20 sec. 

Interval width <: Triggers on similar slopes of signals nar- 
rower than a value in the range 10 nsec to 20 sec. 

Interval width >: Triggers on similar slopes of signals wider 
than a value in the range 25 nsec to 20 sec. 

Multi-source trigger operational modes: 

Pattern: Triggers on the logical AND of the three sources 
Chanl, Chan2 and Ext, where each source can be defined 
as high (H), low (L) or don’t care (X). The trigger can be 
selected at the beginning (entered) or at the end (exited) of 
the specified pattern. All the single-source operational 
modes are also available. 

Bi-level: This is a special condition of pattern trigger which 
allows the 9450 to trigger on any signal that exceeds a cer- 
tain preset high or low trigger level. The signal must be 
connected simultaneously to two channels. The third trigger 
channel must be set to don’t care (X) . 

State qualified: Allows the 9450 to trigger on any source 
(Chanl, Chan2 or Ext), while requiring that a certain pat- 
tern of the other two channels is present or absent. An 
additional wait by time or by number of events can be se- 
lected from the moment the pattern is valid to the moment 
at which the trigger is accepted. 

Time/Event qualified: Allows the 9450 to trigger on any 
source (Chanl, Chan2 or Ext), as soon as a certain pattern 
of the three channels is entered or exited. From the mo- 
ment of validity, a wait until a source trigger is accepted can 
be defined in terms of time or number of events. 

TV trigger operational modes: 

Any line: Triggers at the beginning of the front porch of a 
composite video signal applied to the Ext trigger input. 

Line mode: Triggers at the beginning of the front porch of 
the chosen line of a composite video signal applied to the 
Ext trigger input. 

Field choice - The 9450 allows the user to select which 
field the chosen line should be in. The field can be specified 
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the range 1 to the total number of fields. This total number 
of fields can take one of the values 1, 2, 4 or 8. The 9450’s 
hardware circuits can distinguish between the odd and even 
fields for the standard forms of TV signals. Knowledge of 
the time interval between triggers allows the 9450 to make a 
“relative” distinction between fields 1, 3, 5, and 7 (or 2, 4, 
6, and 8). This is the exclusive “FIELDLOCK” feature of 
the 9450. It should be noted that this final field identifica- 
tion is not absolute. The 9450 offers direct support for the 
two most common system characteristics 625/50/2:1 and 
525/60/2:1. It also supports an extended class with arbitrary 
line count, 50 or 60 fields/sec and arbitrary interlace factor. 



Display CRT: 12.5 X 17.5 cm (5 X 7 inches); magnetic deflection; vector 

type. 

Resolution: 4096 X 4096 points. 

Real-time clock: Date, hours, minutes, seconds. 

Grid: Internally generated; separate intensity control for grid and 
waveforms. Single, dual, and pulse parameter measurement grid 
modes. 

XY mode: Plots any two sources (Chanl and 2, Expand A and B, 
Memories C and D, and functions E and F) against one another. 
Operates on live waveforms with cursor readout. 

Hard copy: Single- or multi-pen digital plotters as well as printers 
can be used to make hard copies of the display. Screen dumps are 
activated by a front-panel button or via remote control. Plotters 
supported are: the HP 7400 and 7500 series, Philips PM 8151, 
Graphtek FP 5301, and compatible models. Plotting can be done 
in parallel with normal 9450 operation. Printers supported are: 
IBM, EPSON (and compatibles) and the HP ThinkJet, QuietJet 
and LaserJet. 

Graphics: All waveforms and display information are presented 
using vector (linear) graphics. Expanded waveforms use LeCroy’s 
DOT-LINEAR graphics that highlight actual data points and inter- 
polate linearly between them. 

Menus: Waveform storage; acquisition parameters; memory 
status; save/recall front-panel configurations; SMART trigger: 
waveform parameters, RS-232-C configuration; hardcopy setup 
and real-time clock setup, averaging, and arithmetic. 

Cursors Relative time: Two cursors provide time measurements with a 

vertical resolution of ± 0.2% of full scale for unexpanded traces; 
up to ± 0.001% or =5i 10% of data point sampling interval. The 
corresponding frequency information is also provided. 
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Relative voltage: Two horizontal bars measure voltage differ- 
ences to ± 0.2% of full scale for each trace. 

Absolute time: A cross-hair marker measures the time relative to 
the trigger, as well as absolute voltage versus signal ground. 

Absolute voltage: A reference bar measures absolute voltage with 
respect to ground. 

Pulse parameters: Two cross-hair cursors are used to define a 
region of interest for which pulse parameters will be calculated 
automatically. 

Auto-setup Pressing the auto-setup button automatically scales the time-base, 

trigger and sensitivity settings to provide a stable display for a wide 
range of repetitive input signals. 

Type of signals detected: Repetitive signals with amplitudes be- 
tween 2 mV and 8 V, frequency above 50 Hz and a duty cycle 
greater than 0.1%. 

Auto-setup time: Approximately 2 sec. 



Waveform Processing Waveform processing routines are called and set up via menus. 

These include arithmetic functions (add, subtract and invert) , and 
summation averaging (up to 1000 signals) . 

Pulse parameters: Based on ANSI/IEEE Std 181-1977 “ Stan- 
dard on Pulse Measurement and Analysis by Objective 
Techniques” . The terminology is derived from IEEE Std 
194-1977 “Standard Pulse Terms and Definitions”. 



Maximum Period 

Minimum Pulse width 

Mean Risetime 

Standard deviation Falltime 
RMS Delay 

Sources: Chanl, Chan2, Memory C or D, Function E or F, Ex- 
pand A or B. Cursors define the measurement zone. With more 
than 1 pulse present in the measurement zone, averaged results for 
period, width, risetime and falltime are presented. 



Remote Control Front-panel controls, including variable gain, offset, position con- 

trols and cursors, as well as all internal functions are 
programmable. 

RS-232-C port: For computer/terminal control or plotter con- 
nection. Asynchronous up to 19200 baud. 
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GPIB port: (IEEE-488). Configured as talker/listener for com- 
puter control and fast data transfer. Address switches on rear 
panel. 

Local/remote: Remote control can be interrupted for local (man- 
ual) control at any time (except when in remote control with the 
lock-out state selected) by pushing a button on the front panel. 

Probes Model: Two P9020 (x 10, 10 MH // 3.33 pF) probes supplied. 

Probe calibration: 1 kHz square wave, 1 V p-p. 

Probe power: Two rear-panel power outlets for use with active 
probes provide ± 15 V, + 5 V DC. 

Self Tests Auto-calibration ensures accuracy of: 

Overall DC accuracy: ± 2% full scale at settings > 5 mV/div 
± 3% full scale at 5 mV/div 

Time: 20 psec RMS. 

General Temperature: 5 to 40® C (41 to 104° F) rated; 0 to 50° C (32 to 

122° F) operating. 

Humidity: < 80%. 

Power required: 110 or 220 V AC, 45 to 440 Hz, 275 W. 

Battery backup: Lithium batteries maintain front-panel settings 
and waveform data for 2 years. 

Enclosure: (HWD) 19.2 X 36.5 X 46.5 cm, (7Vz x 14V2 x 19V2 
inch) . 

Weight: 15 kg (33 lbs) net, 20 kg (44 lb) shipping. 

Warranty: 2 years. 
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SAFETY INFORMATION 



OPERATING VOLTAGE 



POWER ON 




Arabic numerals relate to the numbering scheme used to refer to 
front- and rear-panel controls and connectors in Figures 1 and 3 
(9420) or Figures 2 and 3 (9450), 

The oscilloscope has been designed to operate from a single-phase 
power source with one of the current-carrying conductors (neutral 
conductor) at ground (earth) potential. However, operation from 
power sources in which both current-carrying conductors are live 
with respect to ground (such as phase-to-phase on a tri-phase 
system) is also possible, as the oscilloscope is equipped with over- 
current protection for both mains conductors. None of the 
current-carrying conductors may exceed 250 V RMS with respect 
to ground potential. The oscilloscope is provided with a three-wire 
electrical cord containing a three-terminal polarized plug for 
mains voltage and safety ground connection. The plug’s ground 
terminal is connected directly to the frame of the unit. For ade- 
quate protection against electrical hazard, this plug must be 
inserted into a mating outlet containing a safety ground contact. 

The oscilloscope has not been designed to make direct measure- 
ments on the human body. Users who connect a LeCroy 
oscilloscope directly to a person do so at their own risk. 



The oscilloscope operates from a 115 V (90 to 132 V) or 220 V 
(180 to 250 V) nominal power source at 45 to 440 Hz. Prior to 
powering up the unit, make certain that the mains voltage for your 
area corresponds to the mains voltage value set on the 
oscilloscope. The currently set voltage is indicated by a green peg 
beside 115 V or 220 V on the VOLTAGE SELECTOR plate 
(60) . If the indicated mains voltage differs from that used in your 
area, refer to Section 8, “The Rear Panel”. 




Check the items listed above. Connect the oscilloscope to the 
mains power using the mains cable supplied. The instrument may 
now be switched on by pressing the POWER (59) switch, located 
on the rear panel. 
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Installation 



After switching on the instrument, auto-calibration is performed 
and a test of the oscilloscope’s ADCs and memories is carried out. 
The full testing procedure takes approximately 15 seconds, after 
which time a display will appear on the screen. The intensity con- 
trols (12 and 13) may be adjusted to suit the user. 
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In the following sections, Roman numerals in parentheses refer to 
the display field numbering scheme in Figure 6. Arabic numerals 
relate to the numbering scheme used to refer to front- and rear- 
panel controls and connectors in Figures 1 and 3 (9420) or Fig- 
ures 2 and 3 (9450). 




The CRT area is divided between the centrally located grid and ten 
other fields. Traces from the acquisition or reference memories 
are displayed on the grid. A dual-grid system is also available by 
pressing button (14). 
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Display Layout 



The ten fields are used to display such information as interactive 
menu queries and responses, current acquisition parameters, rela- 
tive and absolute time and voltage measurements, as well as 
messages to assist the user. 



REAL-TIME CLOCK 
FIELD (I) 



ICON FIELD (III) 



This field displays the current date and time. 

This field is divided into nine sub-fields associated with menu keys 
(2) through (10). Each field may display the name of a menu or 
perform an operation when the associated menu key is pressed. 
The lowest field and related Return button (10) are used to re- 
store the higher menu level. 

This field indicates when the oscilloscope is in the process of mak- 
ing a screen dump. The icon disappears when the screen dump is 
finished. 



TRIGGER DELAY 

FIELD (IV) This field indicates one of the two trigger delay modes. In the 

pretrigger mode, an upward-pointing arrow appears below the bot- 
tom line of the trace display grid. It is adjustable from 0 to 10 
divisions, corresponding to a 0 to 100% pretrigger setting. 

In the post-trigger mode, this arrow is replaced by a leftward- 
pointing arrow next to the post-trigger indication (in decimal 
fractions of a second) at the bottom of the grid. The maximum 
post-trigger setting corresponds to 10000 screen divisions. 



TIME AND FREQUENCY 

FIELD (V) When the absolute time cursor (cross-hair marker) is activated, by 

using buttons (17) and (18), this field displays the time difference 
between the cross-hair marker and the point of triggering (com- 
mon for all displayed traces). 

When the relative time cursors (arrowhead cursors) are activated 
by using buttons (17) and (18), two readings are indicated. The 
upper reading indicates the time interval between the Reference 
and Difference arrowhead cursors, while the lower reading indi- 
cates the frequency corresponding to l/(time interval). 



ABRIDGED TRIGGER 
CONFIGURATION 

FIELD (VI) In the standard trigger mode, this field includes the trigger source, 

the trigger level and trigger coupling. A simple diagram, as shown 
in Figure 7, gives a visual overview of the trigger conditions. 
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In the SMART trigger mode, the trigger source, level and coupling 
are listed. A diagram of the trigger configuration is given, as well as 
information on the logic states of Channel 1, Channel 2 and the 
external trigger source. The hold~off by time or number of events, 
the pulse or interval width, and the trigger delay are also specified. 



ABRIDGED FRONT-PANEL 

STATUS FIELD (VII) This is a short-form display of the data acquisition parameters, 

and is updated whenever the oscilloscope’s front-panel controls 
are manipulated. This field indicates the vertical sensitivity of 
Channels 1 and 2, the input couplings and the time base. 



DISPLAYED 

TRACE FIELD (VIII) The Displayed Trace field is associated with buttons (49)-"(54). 

The data displayed in this field are the identity of the displayed 
trace, and the time-base and sensitivity settings for the acquired 
signal, as well as an indication of the position of the VAR sensitiv- 
ity vernier (30) . The symbol “>” appears when the vernier is not in 
the detent position (i.e. not in the fully clockwise position) . When- 
ever Measurement Cursors (16) and (17) are activated, absolute 
or relative waveform voltage data are displayed in this field. 

In XY mode, at the right-hand side of the trace identifier, the 
trace assigned to the X axis is labelled “X”, and the trace assigned 
to the Y axis is labelled “Y”. 

A frame around one of the upper six signal sources in the Dis- 
played Trace field indicates which of the traces is to be acted upon 
during manipulation of the various display controls ((43) through 
(47)). When Dual Zoom expansion is ON, there are two frames 
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Display Layout 



in the Displayed Trace field. A solid frame surrounds the currently 
selected expand function. The other expansion function is sur- 
rounded by a dashed frame. 



MESSAGE FIELD (IX) Messages appearing in this field indicate the oscilloscope’s current 

acquisition status or report improper manipulation of the front 
panel controls. The following figure illustrates a typical message 
displayed in the Message field. 




Hain Menu 



NO or* mm TOraK L^Crov 




EXAMPLE of MESSAGE FIELD DISPLAY 
Figure 8 



TRIGGER LEVEL 

INDICATOR FIELDS (X) Two indicators (> and<) on each side of the grid give a visual 

indication of the trigger level. 
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Note: In the following sections, Roman numerals in parentheses 
refer to the display field numbering scheme in Figure 6. Arabic 
numerals relate to the numbering scheme used to refer to front- 
and rear-panel controls and connectors in Figures 1 and 3 (9420) 
or Figures 2 and 3 (9450). 



VERTICAL CONTROLS CHANNEL 1 and CHANNEL 2 (25) - BNC type connectors are 

used for both Channel 1 and 2 signal inputs and the externa! trig- 
ger connector. The maximum permissible input voltage is 250 V 
(DC -f peak AC). 



Signal Coupling and Input Impedance buttons (24) - Select the 
method used to couple the signal to the vertical amplifier input. 

Possible selections: AC, GND, DC with 1 MH impedance 
GND (appears open, as seen from the 

outside) 

DC with 50 D impedance. 



In the DC position, all signal frequency components are allowed to 
pass through, and 1 MO or 50 Cl may be chosen as the input im- 
pedance. The user should note that with 1 MO input impedance 
the bandwidth is limited to approximately 250 MHz. 

The maximum dissipation into 50 O is 0.5 W, and the inputs will 
automatically be disconnected whenever this occurs. A warning 
LED (Overld) lights up indicating when an overload condition has 
been detected. The input coupling LED (24) is simultaneously 
switched to GND. The overload condition is reset by removing the 
signal from the input and selecting the 50 O input impedance 
again. 

VOLTS/DIV knob (29) - Selects the vertical sensitivity factor in a 
1-2-5 sequence. The sensitivity range is 5 mV to 1 V/div at both 
1 MG and 50 D input impedances when the VAR vernier (30) is 
in the detent position, i.e. turned fully clockwise. 

The VOLTS/DIV (Figure 9) settings for Channel 1 and 2 are per- 
manently displayed, along with the signal input coupling and the 
tirne-base setting, in the Abridged Front-panel Status field (VII) 
(Figure 6) . The Volts/Div setting may be modified manually or via 
remote control, and is immediately updated. 
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Manual Operation 




CH2 0.2 mV DC 

— r~i_ 



CHI 1 V g 
CH2 10 mV - 

T/div 10 ps 



DISPLAY of VERTICAL SENSITIVITY PARAMETERS 
in the ABRIDGED PANEL STATUS FIELD 



Figure 9 





52 mV DC 



>.l V 



CH1> .1 V = 
CH2 50mV&- 

T/div 10 ns 



SENSITIVITY DATA DISPLAYED In the ABRIDGED PANEL 
STATUS FIELD and In the DISPLAYED TRACE FIELD 

Figure 10 








Whereas the acquisition control settings displayed in the Abridged 
Front-panel Status field (VII) are updated immediately upon 
manual or remote modification of the Volts/Div or Time/Division 
settings, the control settings in the Displayed Trace field (VIII). 
corresponding to the conditions under which the waveform was 
stored, are only updated with every waveform acquisition (Figure 

VAR knob (30) - Verniers provide continuously variable sensitiv> 
ity within the Volts/Div settings and extend the maximum vertical 
sensitivity factor up to 2.5 V/div. Variable sensitivity settings are 
indicated by the symbol “>” in the lower portion of the Abridged 
Front-panel Status field and the calibrated value appears in the 
Total V/Div field of the Panel Status menu. (Minimum sensitivity 
is achieved by rotating the vernier counter-clockwise . ) 



VERTICAL OFFSET knob (34) - This knob vertically positions 
the displayed trace. At most of the voltage settings the maximum 
offset is i 12 times the fixed sensitivity setting and is manually 
adjustable (or programmable) in 0.02 division increments. The 
maximum ranges depend on the fixed sensitivity setting as follows: 



1 Fixed Sensitivity 


Offset Range 


Voltage 


i V 


±10 times 


± lOV 


0.5 V to 20 mV 


±12 times 


± 6 V to ± 240 mV 


10 mV 


±24 times 


± 240 mV 


5 mV 


± 48 times 


± 240 mV 



A pair of upward- or downward-pointing, double-shaft arrows 
indicate when the trace has been positioned outside the grid, as 
shown in Figure 11. 






Manual Operation 
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UPWARD- and DOWNWARD-POINTING, DOUBLE-SHAFT ARROWS 
INDICATING that CHANNELS 1 and 2 are OFF SCREEN 

Figure 11 



9420 TIME-BASE 

CONTROLS TIME/DIVISION knob (41)- This control selects the time per 

division in a 1-2-5 sequence from 1 nsec to 5000 sec. The time 
base is displayed in the Abridged Front-panel Status field (Vil) as 
well as in the Displayed Trace field (VIII) . The time base is crys- 
tal-controlled and features an overall accuracy better than ± 
0 . 01 %. 

Sampling Modes Depending on the time-base setting, the following three sampling 

modes are possible with the 9420: 

* Random Interleaved Sampling (RIS) 

* Single Shot (SS) 

* Roll Mode 

Random Interleaved Sampling (RIS): At time-base settings 
from 1 nsec/div to 20 psec/div, the 9420 always uses the RIS mode 
for signal acquisition. Repetitive waveforms and a stable trigger are 
required. Waveforms can be digitized with sample intervals as 
small as 100 psec for an equivalent sampling rate of up to 
10 gigasamples/sec. 

Between 50 nsec/div and 20 psec/div, the 9420 can operate in 
either RIS or single-shot modes. The user may select the RIS ac- 
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Manual Operation 



quisition mode by pressing the Interleaved Sampling button (40) . 
When the LED is lit. the RIS mode is on. 

Single Shot: Between 50 nsec/div and 20 p.sec/div, the user may 
select the single-shot acquisition mode by pressing the Inter- 
leaved Sampling button (40) . When the LED is not lit the 9420 is 
in the single-shot mode. 

The 9420 can record waveforms in a single acquisition for time- 
base settings between 50 nsec/div and 200 msec/div. Sampling 
rates up to 100 megasamples/sec are possible in the single-shot 
mode. 

When the time base is set so that 200 or less points are acquired, 
the 9420 indicates the measured points by highlighting them and 
interpolating linearly between them. 



Roll: From 500 msec to 5000 sec/div, the 9420 samples continu- 
ously. The display is rapidly updated using newly acquired data 
points which results in the trace moving from right to left in a man- 
ner similar to that produced by a strip-chart recorder. 
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TIME BASE SAMPLING RATE DISPLAYED RECORD 

TIME/POINT LENGTH (Points) 



TIME/DIV 


RIS 


SS 




RIS 


SS 


1 


nsec 


100 psec 


— 




100 


— 


2 


nsec 


100 psec 


— 




200 


— 


5 


nsec 


100 psec 


— 




500 


— 


10 


nsec 


100 psec 


— 




1000 


— 


20 


nsec 


100 psec 


— 




2000 


— 


50 


nsec 


100 psec 


10 


nsec 


5000 


50 


0. 


1 fxsec 


100 psec 


10 


nsec 


10000 


100 


0.2 fxsec 


100 psec 


10 


nsec 


20000 


200 


0.5 )i.sec 


100 psec 


10 


nsec 


50000 


500 


1 


fxsec 


250 psec 


10 


nsec 


40000 


1000 


2 


fisec 


500 psec 


10 


nsec 


40000 


2000 


5 


fxsec 


1 nsec 


10 


nsec 


50000 


5000 


10 


P-sec 


2.5 nsec 


10 


nsec 


40000 


10000 


20 


jxsec 


5 nsec 


10 


nsec 


40000 


20000 


50 


p.sec 


— 


10 


nsec 


— 


50000 


0. 


I msec 


— 


25 


nsec 


— 


40000 


0.2 msec 


— 


50 


nsec 


— 


40000 


0. 


5 msec 


— 


0.1 


p.sec 


— 


50000 


1 


msec 


— 


0.25 


p.sec 


— 


40000 


2 


msec 


— 


0.5 


psec 


— 


40000 


5 


msec 


— 


1 


psec 


— 


50000 


10 


msec 


— 


2.5 


psec 


— 


40000 


20 


msec 


— 


5 


psec 


— 


40000 


50 


msec 


— 


10 


psec 


— 


50000 


0. 


1 sec 


— 


25 


psec 


— 


40000 


0.2 sec 




50 jisec 

ROLL MODE 




40000 


0. 


5 sec 


— 


0.1 


msec 


— 


50000 


1 


sec 


— 


0.25 


msec 


— 


40000 


2 


sec 


— 


0.5 


msec 


— 


40000 


5 


sec 




1 


msec 


— 


50000 


10 


sec 


— 


2.5 


msec 


— 


40000 


20 


sec 


— 


5 


msec 


— 


40000 


50 


sec 


— 


10 


msec 


— 


50000 


100 


sec 


— 


25 


msec 


— 


40000 


200 


sec 


— 


50 


msec 


— 


40000 


500 


sec 


— 


0.1 


sec 


— 


50000 


1 


ksec 


— 


0.25 


sec 


— 


40000 


2 


ksec 


— 


0.5 


sec 


— 


40000 


5 


ksec 


— 


1 


sec 


— 


50000 



LIST of SAMPLING MODES, SAMPLING RATE, 
and DISPLAYED RECORD LENGTH for each 9420 TIME-BASE SETTING 

Table 1 
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9450 TIME-BASE 
CONTROLS 



Sampling Modes 



TIME/DIVISION knob (41)- This control selects the time per 
division in a 1-2-5 sequence from 1 nsec to 5000 sec. The time 
base is displayed in the Abridged Front-panel Status field (VII) as 
well as in the Displayed Trace field (VIII) . The time base is crystal 
controlled and features an overall accuracy better than ± 0.01%. 



Depending on the time-base setting, the following three sampling 
modes are possible with the 9450: 



* Roil Mode 



Random Interleaved Sampling (RIS): At time-base settings 
from i nsec/div to 5 nsec/div, the 9450 always uses the RIS mode 
for signal acquisition. Repetitive waveforms and a stable trigger are 
required. Waveforms can be digitized with sample intervals as 
small as 100 psec for an equivalent sampling rate of up to 
10 gigasamples/sec. 

Between 10 nsec/div and 5 psec/div, the 9450 can operate in 
either RIS or single-shot modes. The user may select the RIS ac- 
quisition mode by pressing the Interleaved Sampling button (40) . 
When the LED is lit, the RIS mode is on. 



Single Shot: Between 10 nsec/div and 5 jxsec/div, the user may 
select the single-shot acquisition mode by pressing the Inter- 
leaved Sampling button (40). When the LED is not lit the 9450 is 
in the single-shot mode. 

The 9450 can record waveforms in a single acquisition for time- 
base settings between 10 nsec/div and 5000 sec/div. Sampling 
rates up to 400 megasamples/sec are possible in the single-shot 
mode. 

When the time base is set so that 200 or less points are acquired, 
the 9450 indicates the measured points by highlighting them and 
interpolating linearly between them. 

Roll: From 500 msec to 5000 sec/div, the 9450 samples continu- 
ously. The display is rapidly updated using newly acquired data 
points which results in the trace moving from right to left in a man- 
ner similar to that produced by a strip-chart recorder. 
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TIME BASE SAMPLING RATE DISPLAYED RECORD 

TIME/POINT LENGTH (Points) 



TIME/DIV 


RIS 


SS 




RIS 


SS 


1 


nsec 


100 psec 






100 


— 


2 


nsec 


100 psec 


— 




200 


— 


5 


nsec 


100 psec 


— 




500 


— 


10 


nsec 


100 psec 


2.5 


nsec 


1000 


40 


20 


nsec 


100 psec 


2.5 


nsec 


2000 


80 


50 


nsec 


100 psec 


2.5 


nsec 


5000 


200 


0. 1 jxsec 


100 psec 


2.5 


nsec 


10000 


400 


0.2 )isec 


100 psec 


2.5 


nsec 


20000 


800 


0.5 )Xsec 


100 psec 


2.5 


nsec 


50000 


2000 


1 


jisec 


250 psec 


2.5 


nsec 


40000 


4000 


2 


jisec 


500 psec 


2.5 


nsec 


40000 


8000 


S 


)isec 


I nsec 


2.5 


nsec 


50000 


20000 


10 


|isec 


— 


2.5 


nsec 


— 


40000 


20 


Jj-sec 


— 


5 


nsec 


— 


40000 


50 


|isec 


— 


10 


nsec 


— 


50000 


0.1 


msec 


— 


25 


nsec 


— 


40000 


0.2 msec 


— 


50 


nsec 


— 


40000 


0.5 msec 


— 


0.1 


Jj-sec 


— 


50000 


1 


msec 


— 


0.25 


^sec 


— 


40000 


2 


msec 


— 


0.5 


fisec 


— 


40000 


5 


msec 


— 


1 


^sec 


— 


50000 


10 


msec 


— 


2.5 


)i.sec 


— 


40000 


20 


msec 


— 


5 


fisec 


— 


40000 


50 


msec 


— 


10 


)xsec 


— 


50000 


0.1 sec 


— 


25 


)isec 


— 


40000 


0.2 sec 


— 


50 


p.sec 


— 


40000 








ROLL MODE 






0.5 


sec 


— 


0.1 


msec 


— 


50000 


1 


sec 


— 


0.25 


msec 


— 


40000 


2 


sec 


— 


0.5 


msec 


— 


40000 


5 


sec 


— 


1 


msec 


— 


50000 


10 


sec 


___ 


2.5 


msec 




40000 


20 


sec 


— 


5 


msec 


— 


40000 


50 


sec 


— 


10 


msec 


— 


50000 


100 


sec 


— 


25 


msec 


— 


40000 


200 


sec 


— 


50 


msec 


— 


40000 


500 


sec 


— 


0.1 


sec 


— 


50000 


1 


ksec 


— 


0.25 


sec 


— 


40000 


2 


ksec 


— 


0.5 


sec 


— 


40000 


5 


ksec 


— 


1 


see 


— 


50000 



LIST of SAMPLING MODES, SAMPLING RATE, 
and DISPLAYED RECORD LENGTH for each 9450 TIME-BASE SETTING 

Table 2 
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PROBES Two Model P9020 passive probes are supplied with the 9420/50 

oscilloscope. These probes have 10 MH input impedance and 
16 pF capacitance. The system bandwidth with P9020 probes is 
DC to 250 MHz (typical) in 1 MH DC coupling, and < 10 Hz to 
250 MHz in AC coupling. Active FET probes (Tektronix models 
P6201, P6202a and P6230) may be powered via probe power con- 
nectors on the rear panel. 

PROBE CALIBRATOR outputs (22), (23)- To calibrate the 
probe, connect it to the Channel 1 or Channel 1 BNC connector 
(25). Connect the probe’s grounding alligator clip to the front 
panel ground lug (23) of the oscilloscope and connect the tip to lug 
( 22 ). 

Adjust the oscilloscope’s front-panel controls as described in Sec- 
tion 9. If over- or undershooting of the displayed signal occurs, it 
is possible to adjust the probe by inserting the small screwdriver, 
supplied with the probe package, into the trimmer on the probe’s 
barrel and turning it clockwise or counter-clockwise to achieve the 
optimal square- wave contour. 



ANDWIDTH LIMIT By setting the Bandwidth Limit button (54) to ON, the 

bandwidth can be reduced from 350 MHz to 80 MHz (-3 dB). 
Bandwidth limiting may be useful in reducing signal and system 
noise or preventing high-frequency aliasing. For example, 
bandwidth limiting reduces any high-frequency signals that may 
cause aliasing in single-shot applications using time-base settings 
faster than 20 psec/division. 



TRIGGER CONTROLS 

(STANDARD) Two basic trigger modes are available in the 9420/50. The stan- 

dard trigger facilities are described below. For a full description of 
the SMART trigger facilities refer to Section 7. 

The standard trigger has a single source and is completely con- 
trolled from the front panel. SMART trigger functions are selected 
by pressing the SMART Trigger (35) button which switches “ON” 
the trigger status LED. Pressing the SMART Trigger (35) button 
again, switches off the LED and returns the oscilloscope to stan- 
dard trigger control. SMART trigger functions are inspected and 
modified using a display menu. 
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Trigger Sources 



Trigger Coupling 



This section includes full details of how the standard trigger is con- 
figured and deals with the following; 

Trigger sources 
Trigger coupling 

Trigger adjustment (delay, level and slope) 

Trigger mode 
Trigger status 
Standard trigger graphics 

EXTERNAL trigger input (27)- Accepts an external trigger signal 
of up to 250 V (DC + peak AC). Input impedance is 1 MD in 
parallel with < 20 pF. The maximum trigger rate exceeds 
500 MHz when HF coupling is selected. 

TRIGGER SOURCE buttons (26)- Allow the trigger source to be 
selected as follows: 

CHAN 1; Selects Channel 1 as the trigger source, i.e. the sig- 
nal connected to the Channel 1 BNC input connector (25) . 

CHAN 2; Selects Channel 2 as the trigger source, i.e. the sig- 
nal connected to the Channel 2 BNC input connector (25). 

LINE: Selects the line voltage which powers the oscilloscope to 
provide a stable display of signals synchronous with the power 
line. 

EXT: With the Trigger Source set to EXT a signal applied to 
the BNC connector labeled Externa! (27) is used to trigger the 
scope within a range of dr 2 V. 

EXT/10: With the Trigger Source set to EXT/10, a signal ap- 
plied to the BNC connector labeled External (27) is used to 
trigger the scope within a range of dr 20 V. 

TRIGGER COUPLING buttons (32)- Select the type of signal 
coupling at the input of each trigger circuit. Note that the trigger 
coupling can be adjusted independently for each trigger source. 
Therefore, a change of the trigger source may also result in a 
change of the trigger coupling LEDs since the coupling associated 
with the newly selected source is remembered. 

HF: Used for triggering on high frequency repetitive signals in 
excess of 300 MHz. Maximum trigger rates greater than 
500 MHz are possible. HF triggering should be used only 
when needed. This coupling is automatically set to DC if it is 
incompatible with the trigger mode, for example when pulse or 
interval width triggering or TV triggeg is being used (see Section 
7). Only a positive trigger slope is possible. 
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AC: Signals are capacitively coupled; DC levels are rejected 
and frequencies below 50 Hz are attenuated. 

LF REJ: Signals are coupled via a capacitive high-pass filter 
network. DC is rejected and signal frequencies below 50 kHz 
are attenuated. The LF REJ trigger mode is used when stable 
triggering on medium to high frequency signals is desired. 

HF REJ; Signals are DC coupled to the trigger circuit and a 
low-pass filter network attenuates frequencies above 50 kHz. 
The HF REJ trigger mode is used to trigger on low frequencies. 

DC: All of the signal’s frequency components are coupled to 
the trigger circuit. This coupling mode is used in the case of 
high frequency bursts, or where the use of AC coupling would 
shift the effective trigger level. 



Trigger Adjustment 

(Delay, Level and Slope) The TRIGGER ADJUST knob (37) together with button (39) is 

used to adjust the Trigger Delay and Trigger Level settings as 
explained below: 

TRIGGER DELAY button (39)- is used to select the Trigger 
Delay function which adjusts the amount of pre- or post-trigger 
delay required when recording signals. This function is active only 
when the Delay LED is lit. The required delay is set using the 
continuously rotating Trigger Adjust knob (37). Turning this 
knob slowly allows fine adjustment of the trigger point; turning it 
quickly results in rapid trigger point movement. Note that the 
value of the trigger delay applies to all the trigger sources. 

Pretrigger adjustment up to 100% full scale, in steps of 0.2% is 
available with the 9420/50. The value is displayed in % in the 
Panel Status display (press button (2) in the Main menu) and indi- 
cated on the grid by the position of an upward-pointing arrow, f, 
in the Trigger Delay field (IV) . 

Post-trigger adjustment is possible up to 10,000 divisions in 0.02 
division increments. A post-trigger delay is indicated by a 
leftward-pointing arrow, ■«— , in the left-hand corner of the Trigger 
Delay field (IV) . The exact delay in seconds is specified beside the 
upward-pointing arrow in the Trigger Delay field (IV) . 

ZERO button (38)- When the Trigger Delay function is selected, 
the Zero function resets the trigger delay from previously set posi- 
tions to the farthest left grid line (i.e. 0.0% Pretrigger position). 

TRIGGER LEVEL button (39)- This function adjusts the re- 
quired voltage level of a signal which is being used to generate a 
trigger and is active only when the Level LED is lit. The required 
level is set via the Trigger Adjust knob (37) . The level can be 
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adjusted independently for each trigger source. Note that the trig- 
ger level is specified in volts and is normally unchanged when the 
vertical gain or offset is modified. 

The range of trigger levels is as follows: 

± 5 screen divisions - with CHAN 1 or CHAN 2 as trigger 
source 

None with LINE as trigger source (zero-crossing is used) 

± 2 V with EXT as trigger source 

± 20 V with EXT/10 as trigger source 

ZERO button (38)- When the Trigger Level function is selected, 
the Zero button may be used to reset the trigger level from a previ- 
ously set value to 0.0 V. 

SLOPE button (31)- Selects the signal edge used to activate the 
trigger circuit. The slope of the trigger can be adjusted for each 
individual trigger source and is indicated by LEDs. 

POS- Requires a positive-going edge of the trigger signal. 

NEG- Requires a negative-going edge. 

TRIGGER MODE buttons (28)~ Select the mode of trigger op- 
eration as follows: 

SINGLE (HOLD)- Selected using the lower button (28). 

In this mode, the oscilloscope digitizes continuously until a 
valid trigger is received. When the waveform has been ac- 
quired and displayed, no further signals can be acquired 
until the Single (Hold) button has been pressed again to 
re-arm the trigger circuit for the next trigger signal. This 
type of acquisition provides a standard means of recording a 
wide variety of transient events. If a trigger does not occur 
and the Single button is pressed, the oscilloscope returns to 
its triggered state and displays the last valid waveforms. 

When the 9420/50 is in the Random Interleaved Sampling 
(RIS) mode, a sufficient number of triggers are acquired to 
complete waveform reconstruction, after which the wave- 
form will then be displayed. No further signals can be 
acquired until the Single (Hold) button has been pressed 
again. If the Single (Hold) button is pressed while a RIS 
waveform is being acquired, the acquisition is halted and 
partial waveform reconstruction is performed. 

When the oscilloscope is in the roll mode (> 500 msec/ 
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div), pressing the Single (Hold) button causes data 
acquisition to stop immediately and the display to freeze. 
The acquisition can be continued by pressing the button 
again. 

NORM- Selected using buttons (28). 

When in the normal (Norm) trigger mode the oscilloscope 
continuously digitizes the input signal. Whenever a valid 
trigger is received, the acquired waveform is displayed on 
the screen, digitization recommences and the trigger circuit 
is re-armed. If no subsequent trigger is received within 2 
seconds, the warning 



is displayed in the Message field (IX) . Because the oscillo- 
scope features non-volatile front-end memory, the last 
waveform acquired is always stored and displayed. 

When the time base is in the RIS mode, a sufficient number 
of valid triggers (typically between 200 and 400) is required 
for each display of a complete waveform. 

In the roll mode (> 500 msec/div) , the 9420/50 samples 
the input signals continuously. The display is rapidly up- 
dated using newly acquired data points which results in the 
trace moving from right to left in a manner similar to that 
produced by a strip-chart recorder. After the trigger has 
been received, the acquisition will be completed and the 
display will pause while showing the acquired waveform. Af- 
ter a moment it will go back into the roll mode while it waits 
for the next trigger. The acquisition can be halted at any 
time by pressing the Single (Hold) button (28). 

AUTO- Selected using buttons (28). 

This mode resembles the Norm mode, except that it auto- 
matically generates an internal trigger whenever the 
selected trigger is missing for more than 500 msec. When 
the oscilloscope auto-triggers, the display usually moves in 
time as the trigger is not time-correlated with the input sig- 
nal. 

Auto-trigger in the RIS mode will force the display of the 
acquired waveform every quarter of a second even if the 
reconstruction is incomplete. 




When the 9420/50 is in the roll mode (> 500 msec/div), it 
samples input signals continuously. In the Auto mode this 
continues indefinitely. The only way to stop the acquisition 
is to change the trigger mode. 

SEQNCE- Selected using top button (28). 

Sequence triggering enables the user to partition the 
9420/50’s acquisition memories into 2, 5, 10, 20, 50, 100, 
or 200 segments. Waveform acquisition in the SEQNCE 
mode is particularly useftil in the case of short-lived or ech- 
oed signals, such as those typically encountered in 
radar, sonar, lidar and NMR. 

In the sequence mode the time-base setting determines the 
total duration (time/div X 10) of each segment. Changing 
the number of required segments does not change the time 
base; it only affects the number of digitized points (record 
length) per segment. The number of data points per division 
is shown in the Panel Status menu. 

The display is updated only after ail the individual segments 
have been acquired. If less than the required number of 
triggers is available, the sequence acquisition may be 
aborted by pressing the Seqnce button (28) again. 

To rearm the oscilloscope to capture a second group of sequen- 
tially stored waveforms simply press the Seqnce button (28) again. 



>er of Segments 


Points/Segment 
20 msec/div 


Points/Segment 

Maximum 


2 


20000 


20000 


5 


8000 


10000 


10 


4000 


5000 


20 


2000 


2000 


50 


800 


1000 


100 


400 


500 


200 


200 


200 



SEQUENCE TRIGGER MODE: NUMBER OF SEGMENTS VS. 
RECORD LENGTH (time base 20 msec/dlv). THE NUMBER OF 
POINTS/SEQMENT IS TIME-BASE DEPENDENT 

Table 3 



Neither the Channel 1 nor 2 display is updated when the oscillo- 
scope has terminated an acquisition in the Single or Seqnce trigger 
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Trigger Status 



Trigger Symbols 



mode, i.e. no further data are acquired. Vertical positioning of the 
displayed trace may still be modified via the Offset control (34) 
and the VAR vernier (30) also remains active. However, no other 
parameter modifications, such as vertical sensitivity, trigger or 
time-base changes, will alter the display of a currently acquired 
waveform in Channel 1 or 2. 

When the 9420/50 is in Single or Seqnce mode and has finished 
acquiring data, all the parameters may be modified by manipulat- 
ing the appropriate front-panel controls, but such modification - 
indicated by parameter changes in the Abridged Front-panel 
Status field (VII) - will only be taken into account when the next 
trace is being acquired. 

Whenever the oscilloscope is in the Norm or Auto trigger modes, 
data are continuously acquired and a display is rapidly generated. 
Adjustment of the front-panel controls will cause prompt changes 
in the acquisition parameters and immediate waveform acquisition 
with the new settings. 



TRIGGER STATUS, TRIG’D and READY LEDs (33)- The 
Trig’d LED indicates that an acquisition has been completed 
(normally after a valid trigger). 

The Ready LED indicates that the trigger circuit has been armed 
and that the oscilloscope is currently digitizing input signals. When 
it receives a valid trigger signal, it will continue digitization until the 
other trigger delay conditions, such as trigger delay, have been 
satisfied and will then display the acquired waveform. In RIS, at 
slow trigger rates, the trigger LED lights up when intermediate ac- 
quisitions occur. This feature helps to monitor the behavior of the 
waveform even before the waveform is reconstructed. 

To allow immediate recognition of the current trigger conditions, 
the oscilloscope displays a special set of trigger graphics, which 
appear in the Front-panel Status field (VII). Some examples of 
the standard trigger symbols are given in Figure 12. An extended 
set of symbols for the SMART trigger may be found in Section 7. 
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DISPLAYING TRACES 




Up to four different waveforms (out of a total of eight) may be 
simultaneously displayed. To display a waveform, press the corre- 
sponding Trace On/Off buttons ((50) through (53)). The 
waveform will then appear on the screen together with a short de- 
scription in the Displayed Trace field (VIII). When several signals 
are displayed simultaneously, buttons (50)-(53) can also be used 
as convenient trace identifiers. Pressing one of these buttons will 
make the selected trace turn off and on again. 

EXPAND A, B buttons (50)- Turn the displayed expansion of a 
waveform ON or OFF. The expanded portion of a waveform is 
shown on the source trace as an intensified region. The default 
settings are; Expand A which operates on Channel 1 and Expand 
B which operates on Channel 2. The default settings may be modi- 
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fied to allow expansion of any other source trace by using the 
Redefine button (48), and choosing the required source to ex- 
pand using the menu buttons (2) through (7). 

MEMORY C, D buttons (51)- Turn the display of a waveform 
stored in reference Memories C or D ON or OFF. Data from any 
of the waveform storage locations, Channels 1 and 2, Expand A 
and B and Functions E and F may be stored into these memories 
by pressing the Store button (1). Press the button corresponding 
to the required source and then choose either Mem C or D as 
required. 

FUNCTION E, F buttons (52)- Turn the display of a computed 
waveform ON or OFF. The type of computation may be defined 
by pressing the Redefine button (48). 

CHANNEL 1, 2 buttons (53)- Turn the display of signals applied 
to either of the input connectors (25) ON or, OFF. Data are always 
recorded simultaneously into the Channel 1 and Channel 2 acqui- 
sition memories, irrespective of whether the trace displays are ON 
or OFF. 



DISPLAY CONTROL 

AND EXPANSION Before waveform acquisition the Channel 1 and Channel 2 traces 

are controlled by the Vertical and Time/Division controls ((29), 
(30), (34) and (40), (41) respectively). 

Displayed traces may be modified within certain limits following 
waveform acquisition. 

EXPAND A, B (50), Memory C, D (51), and Function E, F 
(52), are controlled by the Display Control knobs and buttons 
(43) through (49) . Only one trace can be controlled at a time. The 
identity of the controlled trace is indicated by a rectangular frame 
around the waveform descriptor in the Displayed Trace field 
(vni) . 

Whenever more than one of the six traces listed above is currently 
displayed, the frame may be moved to the next trace by pressing 
the Select button (49). 

HORIZONTAL POSITION knob (43)- Horizontally positions 
an expanded waveform and the intensified region along the source 
trace. This control is activated only after the Expand A and/or B 
buttons (50) have been pressed to display the expanded trace. 
The Horizontal Position knob allows the User to scroll continu- 
ously through a displayed waveform. 

When the waveform source is a sequence waveform, two addi- 
tional options appear in the root menu. They can be used to 
change between segments of a sequence acquisition while keeping 
a constant expansion factor and position. If the buttons are 



45 




pressed continuously, the display will rapidly move from one seg- 
ment to the next. This capability can also be used with the dual 
zoom feature. 

The Horizontal Position knob affects only Expand A and B. 

VERTICAL POSITION knob (44)- Vertically repositions the 
trace. 

RESET button (45) - Resets any previously adjusted Vert Gain, 
Vertical and/or Horizontal Position settings to the following de- 
fault values: 

VERT GAIN - Same as the original trace 

VERTICAL POSITION - Same as the original trace 

HORIZONTAL POSITION - Center of the original trace 

In the dual zoom expansion mode (see below), this button is used 
to synchronize the two intensified regions of Expand A and B. 

VERT GAIN knob (46)- Turning the knob clockwise enables 
vertical expansion by a factor of up to 5. Counterclockwise rota- 
tion enables vertical contraction by a factor of up to 5. When 
operating on processed waveforms the maximum Vert Gain mag- 
nification is increased from 5 to 10. 

Pressing RESET button (45)- Returns gain control to a mid-range 
plateau corresponding to a gain of i. 

TIME MAGNIFIER knob (47)- Horizontally expands wave- 
forms by a factor of up to 1000 and operates on Expand A and B 
only. 

Overall timing accuracy and resolution is improved at higher mag- 
nification factors. The expand function is controlled digitally and 
makes use of the oscilloscope’s high number of recorded data 
points. Dot-linear graphics are used for the display of highly ex- 
panded waveforms. This technique highlights the position of actual 
data points, allowing them to be easily identified, and connects the 
data using linear interpolation. 

SELECT button (49)- Chooses one of the traces, Expand A 
through Function F, to be controlled via the Display Control 
knobs and buttons ((43)-(48)) . The selected trace is indicated by 
a rectangular frame around the waveform descriptor in the Dis- 
played Trace field (VIII) . Pressing the Select button (49) moves 
the rectangle to the next displayed trace in a rolling sequence. 

REDEFINE button (48)- Changes the source (Channel 1, 2, 
Memory C,D, Function E or F) of either Expand A or B. When 
either Expand A or B is selected, pressing the Redefine button 
(48) produces a menu on the left-hand side of the screen. Buttons 
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(2) through (7) are then used to change the source signal. The 
default sources are Chan I for Expand A and Chan 2 for Ex- 
pand B. 

It is not possible to redefine Memories C and D. 

When either Func E or Func F are selected, pressing the Rede- 
fine button calls up the associated configuration menu to inspect 
or modify the function definition. 

Dual Zoom Expansion Independent expansion of single traces to display a magnified por- 

tion of the waveform from Channels 1 and/or 2, Memories C 
and/or D, or of Function E and/or F is discussed above. However, 
in certain applications, it is convenient to be able to move the in- 
tensified region along two different traces, or two regions of the 
same trace, simultaneously. 

To use the Dual Zoom expansion facility, switch both Expand A 
and Expand B ON. Press the Return button (10) until the 
oscilloscope is in the root menu, i.e. the Main Menu option ap- 
pears in the Menu field (II). Beside button (5), Dual Zoom is 
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DUAL ZOOM EXPANSION 
Figure 13 



T/div 



When Dual Zoom expand is ON, selecting either Expand A or 
Expand B with the Select button (49) will result in the usual frame 
around the selected expand function and a dashed frame around 
the other. Even when menus are being shown in the Menu field, 
this indicates when Dual Zoom is ON. 

When Dual Zoom expand is ON, it is possible to either synchro- 
nize the intensified regions of the two source signals, or to 
maintain a fixed time interval between them. The intensified re- 
gions will move horizontally at a fixed interval of separation. (See 
Section 9 for an example of intensified regions moving on two dif- 
ferent traces expanded in the Dual Zoom expansion mode.) 

In the Dual Zoom Expansion mode, only the Horizontal Position 
control (43) and Time Magnifier control (47) act simultaneously 
on the intensified regions on both the Expand A and B signal 
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STANDARD WAVEFORM 
PROCESSING 



Setting Up a Waveform 
Processing Function 



source, while the Vert Gain control (46) and Vertical Position 
control (44) act independently on each expanded waveform. 

Note that when the Dual Zoom expansion mode is used, the Ex- 
pand A magnification factor applies to both Expand A and B. 

All waveform processing occurs through Functions E and F and 
may be displayed on the screen by pressing the corresponding 
Function E, F (52) button. Whenever the Function E or F trace, 
or an expansion of one or both of these traces (in Expand A or 
B), is turned ON, the corresponding waveform processing is exe- 
cuted. Whenever the trace (and its expansion) is turned OFF, the 
continuous processing is suspended. 

Functions E and F are waveforms that exist independently of (i.e. 
in addition to) the acquisition memories of Channels 1 and 2 and 
of the reference Memories C and D. On the display, they are 
treated similarly to Memories C and D, i.e. the vertical display gain 
and the vertical position can be modified, but not the horizontal 
position and the time magnifier. Of course, they can be expanded 
by redefining the source waveform of the traces Expand A or B. 

Channel 1 and Channel 2 are the only possible sources for the 
standard waveform processing functions. However, for oscillo- 
scopes fitted with additional processing options (WPOl and 
WP02), Expand A, Expand B, Function E and Function F may 
also be used as sources. 

Waveform processing can take an appreciable execution time 
when operating on many data points. The user has the option of 
reducing the execution time by limiting the number of data points 
which are used in the computation. 

The 9420/50 then executes the waveform processing function on 
the entire waveform by taking every N point, N depending on the 
time base and the desired maximum number of points. The first 
point of such a reduced record is always the data value at address 0 
(i.e. the point on the left-hand edge of the screen). 



It is generally good practice to stop data acquisition while prepar- 
ing new conditions for waveform processing (by setting the trigger 
mode to Single Trig’d) because the response time might otherwise 
be slow, depending on the current function setup. In order to pre- 
pare Function E or F for new conditions, or to inspect the current 
setup, the trace Function E or F (52) must be turned ON. Select 
this trace for display control with the Select button (49) and press 
Redefine (48). A full-page setup menu for this function appears 
on the screen. To return to the waveform display, press either the 
Return button (10) or the Redefine button (48). 
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The currently selected processing function and its parameters may 
be modified with the soft keys (2) to (5) . First select the field to be 
modified. The rectangular frame around parameter values indi- 
cates the currently selected field. Pressing the Previous Field 
button (2) will cause the frame to move towards the top of the list, 
whereas pressing the Next Field button (3) will cause the frame to 
move downwards. The Reference knob (42) can also be used to 
move the frame from one field to another. Note that the options 
available in each field are listed in the frame in the lower right 
corner of the screen. 

Following field selection, the current value of the field may be 
modified by pressing either the Previous Value or Next Value 
button (6) or (7) or turning the Difference knob (42) . Since the 
identity of the lower fields may depend on the function chosen, 
modify the parameters from top to bottom. 

The following waveform processing functions are available: 

- Average: summed 

- Arithmetic: Identity, Negation, Addition, and Subtraction 

Summed Average: Summed averaging consists of the repeated 
addition, with equal weight, of recurrences of the source 
waveform. Whenever the maximum number of waveforms is 
reached, the averaging process stops. The averaging process may 
be interrupted by switching the trigger mode from Norm to Single 
(28) or by turning the function trace OFF (52). Averaging will 
continue when these actions are reversed. 

The currently accumulated average may be reset by changing an 
acquisition parameter, such as input gain, offset or coupling, trig- 
ger condition or time base. The number of currently averaged 
waveforms is displayed in the Displayed Trace field (VIII) of the 
corresponding function or of its expansion. 

Whenever the maximum number of sweeps is reached, a larger 
number of sweeps may be accumulated by simply changing the 
maximum number of sweeps in the setup menu. In this case, care 
must be taken to leave the other parameters unchanged, otherwise 
a new averaging calculation will be started. 

Summed averaging may be performed over channel 1 or 2. 

Arithmetic: Addition/subtraction consist of addition/subtraction 
of two source waveforms on a data point per data point basis. Dif- 
ferent vertical gains and offsets of the two sources are 
automatically included in the calculation. 

Negation is performed on a single source trace which is inverted. 
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SCREEN ADJUSTMENTS 



CURSORS 



Voltage Measurement 



Identity causes a waveform to be stored in one of the function 
memories. The number of data points can be reduced by changing 
the maximum number of points allowed. 



INTENSITY knob (12)- Adjusts the intensity of the displayed 
trace and all alphanumeric readouts and messages. The Intensity 
control may be adjusted in either manual or programmed control 
mode. 

GRID INTENSITY knob (13)- Controls grid intensity independ- 
ently of displayed trace intensity. 

DUAL GRID button (14)- Switches between single- and dual- 
grid displays. The dual grid is useful when displaying multiple 
traces, in which case Channel 1 is permanently assigned to the 
upper grid and Channel 2 to the lower grid. All other displayed 
traces may be repositioned anywhere on the screen using the Ver- 
tical POSITION control (44). 

SCREEN DUMP button (11)- Dumps the contents of the screen 
onto an on-line digital plotter or dot matrix printer, via the oscillo- 
scope’s rear-panel GPIB or RS-232-C interface ports, and 
provides color or monochrome hard copy archiving of the display. 
All the screen illustrations included in this manual were produced 
using the Screen Dump function. 

Once the Screen Dump button has been pressed, all the displayed 
information will be plotted. It is possible to plot waveforms without 
also plotting the grid by turning the Grid Intensity knob fully 
counterclockwise . 

While a screen dump is taking place, as indicated by the plot 
graphic on the lower left-hand side of the screen, it can be aborted 
by pressing the Screen Dump button a second time. Allow some 
time for the plotter buffer to empty before plotting stops. 

While a plotter screen dump operation . is in progress, new 
waveforms may be captured, processed and displayed. During a 
screen dump onto a printer, other operations are suspended. 



Cursor measurements of absolute and relative voltage and time, 
may be made simultaneously on up to four traces on the oscillo- 
scope’s CRT, 

The cursor system for the XY Mode is explained in the XY Mode 
Section. 

VOLTAGE Cursor button (16)- Is used in conjunction with the 
Relative/ Absolute button (18). 
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When Relative measurement is selected, two horizontal cursor 
bars allow accurate differential voltage measurements. The verti- 
cal position of the horizontal bars may be adjusted on the single- 
or dual-grid displays using the Reference and Difference controls 
(42). 

Pressing the Tracking button (42) causes the difference cursor to 
track the reference cursor at a fixed interval as determined by the 
Difference control. A vertical bar will appear on the left edge of 
the grid between the reference and difference voltage bars. The 
length of the bar indicates the tracking interval. 

When Absolute measurement is selected, a single horizontal cur- 
sor bar allows accurate voltage measurement with respect to the 
GROUND reference level. This horizontal bar may be reposi- 
tioned using the Reference control (42) . Positioning the bar at the 
0.0 V position provides an accurate representation of the refer- 
ence GROUND level. The results of the relative voltage 
measurements appear for each displayed trace in its associated 
Displayed Trace field, in place of the usual time-base and sensitiv- 
ity settings. 

Voltage cursor bars are displayed in Figure 14. 
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DISPLAYED TRACE SHOWING REFERENCE and DIFFERENCE, VOLTAGE CUR- 
SORS, and ALPHANUMERIC READOUT of TRACE AMPLITUDE. The VERTICAL 
BAR on the LEFT EDGE of the GRID INDICATES that TRACKING is being used. 



Figure 14 



Note: Measurement resolution with the VOLTAGE cursors is 0.2% of full scale (8 divisions). 



Timing Measurements TIME Cursor button (17)- Is used in conjunction with the Relati- 

ve/Absolute button (18). 

When Relative time measurement is selected, a downward-point- 
ing and an upward-pointing arrow appear on the currently 
displayed traces, enabling accurate differential time, voltage and 
frequency measurements. The timing arrows may be repositioned 
using the Reference control knob (42) for the downward-pointing 
arrow, and the Difference control knob (42) for the upward- 
pointing arrow. 

Pressing the Tracking button (42) causes the difference cursor to 
track the reference cursor at a fbced interval as determined by the 
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Difference control. A horizontal bar on the top line of the grid 
indicates that tracking is on. Its length indicates the tracking inter- 
val. 

Time cursors are displayed in Figure 15. 




-^.0 ns 

~mmz 



DISPLAYED TRACE SHOWING TIME CURSORS, their VOLTAGE DIFFERENCES 
their TIME DIFFERENCES and the CORRESPONDING FREQUENCY. 

Figure 15 

Note: Measurement resolution with Time cursors is 0,2% of full scale (10 divisions) for unexpanded waveforms and up 
to 0.0002% for expanded waveforms. 



However, for expanded traces, time cursors may be positioned on 
the waveforms that have been magnified up to 1000 times. Higher 
resolution measurements, up to ca:10% of the data point sampling 
interval, are therefore possible depending on the setting of the 
Time Magnifier control (47) . 

It is recommended that the waveform expansion facility be used 
whenever high-accuracy time measurements are required. 
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When Absolute time measurement is selected, a cross-hair 
marker (+) is generated. The marker provides precise time meas- 
urements relative to the point of triggering, as well as absolute 
voltage measurements along the displayed waveform (irrespective 
of the vertical offset of the trace displayed on the grid) . The cross- 
hair marker is positioned on the traces with the Reference control 
knob (42). 

When the time-base setting implies that less than 500 digitized 
points fill the screen, the 9450 interpolates using straight line seg- 
ments between actual data points. If 200 points or less are used, 
the digitized points are clearly visible as intensified points on the 
screen. When a cursor is placed on an actual data point, small 
horizontal bars appear on the cursor as shown in Figure 16. 

Note that setting the cross-hair marker to 0 time interval provides 
a visual indication of the trigger point. The cross-hair marker is 
displayed as follows: 
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DISPLAYED TRACES SHOWING MARKER CURSOR, INTERVAL BETWEEN TRIG- 
GER POINT and CURSOR, and ALPHANUMERIC READOUT of TRACE AMPLITUDE 

Figure 16 



PULSE PARAMETERS Pressing the Parameters button (15) activates a special display on 

the the oscilloscope (Figure 17) which is used to show pulse pa- 
rameters. The mode allows up to ten waveform parameters to be 
calculated automatically on any trace. Parameters may be deter- 
mined on live, stored or processed waveforms. Pulse parameters 
cannot be calculated on waveforms acquired in sequence mode . In 
this case, individual segments may be viewed using the expansion 
capability and pulse parameters calculated on the expanded seg- 
ment. 



56 






Manual Operation 



17-JU1-89 

14:08:03 





rlss M 
fall M 
delay ^ 



22BArm 

2!^.Zrm 



CHI .6 V 

Qi2 IObjV 

T/div .5 lie 



PULSE PARAMETERS DISPLAY 
Figure 17 



Traces are selected using the Parameters Source button (8) in the 
Menu field (II) of the root menu. Pressing the Parameters 
Source button several times allows the user to scroll through the 
currently displayed waveforms. The selected trace is indicated in 
the first line of the text under the grid and also by a pair of cross- 
hair cursors which ride on the trace. Parameter measurements are 
based on the recommendations of IEEE Std 181-1977 “Standard 
on Pulse Measurement and Analysis by Objective Techniques", 
and terminology is derived from ANSI/IEEE Std 194-1977 “Stan- 
dard Pulse Terms and Definitions”. See Figure 18. 
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Case 1 

base base 




Case 2 




PULSE TERMS AND DEFINITION 
Figure 18 



Once the Parameters button has been pressed, a pair of cross- 
hair cursors automatically appear on the currently selected 
waveform. Measurements may be performed on any region of in- 
terest, by simply positioning the cursors using the Reference and 
Difference controls (42). The cursors define the left and right 
hand boundaries of the area in which measurements will be made. 

Pressing the Tracking button (47) causes the difference cursor to 
track the reference cursor at a fixed interval as determined'biy the 
Difference control. A horizontal bar on the top line of the grid 
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The Waveform Parameters 



Voltage Measurements 



indicates that tracking is on. Its length indicates the tracking inter- 
val. 

Precise information relating to the cursor positions (in time), and 
the number of data points within the region of interest, is provided 
in the first line of the text below the grid. Cursor movement is 
stopped at the left and right edges of the grid. 

To exit the Pulse Parameters display, simply press the Parameters 
button (15) or any Cursor MeasuremenT button (16) and (17). 

The waveform parameters automatically calculated on a region of 
interest may be divided into two classes: 



Voltage Measurements 


Time Measurements 


Maximum 


Period 


Minimum 


Width 


Mean 


Risetime 


Standard Deviation 


Falltime 


RMS 


Delay 



In order to find magnitude reference crossings, the base and top 
magnitudes are assigned. The method employed follows IEEE Std 
181-1977. The magnitude histogram of the waveform within the 
cursor window is created and searched for dominant magnitude 
populations. If no two dominant populations can be found, the 
minimum and the maximum of the distribution are used. Of the 
two magnitudes the lowest in the cursor window is assigned to the 
base line and the highest to the top line. 

Maximum determines the maximum voltage within the area 
defined by the cursors. 

Minimum determines the minimum voltage within the area de- 
fined by the cursors. 

Note: In the following, v/ denotes the measured sample values. 
The number of data values used for computing Mean, Standard 
Deviation and RMS values depends on the identification of a peri- 
odic waveform. If one or more periods could be identified, a 
sub-window is used which starts at the first mesial point (50% 
magnitude transition) and ends at the last mesial point on a lead- 
ing edge in the original window (i.e. in the formulae below, 
N = the number of data points within the periods found up to a 
maximum of 100 periods). In all other cases, Mean, Standard 
Deviation and RMS are evaluated using all data points inside the 
cursor window. 
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Mean determines the average value of all the data points 
selected as described above. 



1 

1 NP 




Standard Deviation (Sdev) is the standard deviation of the 
measured points from the mean. It is calculated from the 
following formula: 




RMS is derived from the square root of the average of the 
squares of the magnitudes, for all the data as described 
above. 




Time Measurements Note: For the time measurements it is necessary to distinguish be- 

tween magnitude crossings occurring on leading edges and those 
occurring on trailing edges. In the equations below, the following 
notation has been used: 

Mt = number of leading edges found 
Mi = number of trailing edges found 

tfi - time when leading edge i crosses the x% level 

ti'l = time when trailing edge i crosses the x% level 

All times are linearly interpolated between two measured points. 

Period is calculated from the average length of the full 
periods of the waveform within the selected interval. A full 
period is the time measured between the first and third 50% 
crossing points, the third and fifth, the fifth and seventh, 
etc. 

MT-1 

- iff” ) 

/ = 1 
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Pulse Width (Width) determines the duration between the 
Pulse Start (mesial point, i.e. the 50% magnitude transition 
point, on the leading edge) and the pulse stop (mesial point 
on the trailing edge) of a pulse waveform. Like the Pulse 
Start the pulse stop is a 50% magnitude reference point. 

. Mi 

i “ 1 

Risetime (Rise) measures the time of a pulse waveform’s 
transition with a positive slope. 

Falltime (Fall) measures the time of a pulse waveform’s 
transition with a negative slope. 

For both risetime and falltime measurements the instru- 
ment determines the duration between the proximal point 
(10% magnitude transition) and the distal point (90% mag- 
nitude transition) on leading edges and the duration 
between the distal point and the proximal point on trailing 
edges: 

leading edge duration = 



nr-jtf: 



trailing edge duration = 

Mi 

in I ( nf- 

i == 1 

Depending on the sign of the slope of the leading edge tran- 
sition, the instrument then assigns either: 

for positive slope: Risetime » leading edge duration 

Falltime = trailing edge duration 

for negative slope: Risetime = trailing edge duration 
Falltime = leading edge duration 

Delay is the time from the trigger point to the first 50% 
transition crossing, i.e. the Pulse Start. 
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Information and 
Warning Symbols 



If the number of points used is small, the statistical uncertainties in 
determining the base and top levels may be high and hence overall 
accuracy may be reduced. 

The algorithm which determines the pulse waveform parameters is 
capable of detecting certain situations where' the mathematical for- 
mulae may be applied but the results obtained must be interpreted 
with caution. In these cases the name of the parameter and its 
value are separated on the screen of the 9420/50 by a graphic 
symbol. The symbols and their meanings are indicated in Fig- 
ure 19. 




INFORMATION 

Parameter has been determined for several 
periods (up to 100) and the average of those 
values has been taken, 

Parameter has been determined over an 
Integral number of periods. 

Insufficient data to determine a parameter. 




WARNINGS 

Waveform cannot be classified as "pulse waveform” , 
l.e. amplitude histogram Is flat within statistical 
fluctuations. Minimum and maximum are used to 
assign base and top. 

Only an upper limit could be estimated (actual 
value of parameter may be smaller than displayed 
value) . 



Signal is partially In overflow. 



Signal Is partially in underflow. 




Signal is partially in overflow and partially 
in underflow. 



PULSE PARAMETER WARNINGS 

Figure 19 
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REMOTE CONTROL 
AND INTERRUPTION 



AUTOMATIC SETUP 



MENU FIELD (II) 
CONTROLS 



When the oscilloscope is being remotely controlled, LED (19) 
lights up. To return to local control, the user can press Local, 
button (20), if the instrument is not in the remote state with the 
lockout state selected. Full details of remote control, as well as a 
list of the commands, are given in the Remote Control manual. 

Pressing the Auto Setup button (21) automatically scales the 
time-base, trigger and sensitivity settings to provide a stable dis- 
play of repetitive input signals. Signals detected must have an 
amplitude between 2 mV and 8 V, a frequency above 50 Hz and a 
duty cycle greater than 0.1%. The time taken for the auto-setup 
operation to be completed depends on the signal frequency, and is 
about 2 sec. Auto-setup operates as follows: 

* Auto-setup changes neither the input coupling nor the 
bandwidth limit setting. 

* Auto-setup operates only on channels whose traces are cur- 
rently turned on. The only exception occurs when no trace 
at all is turned on. In that case auto-setup operates on all 
channels and turns all of the traces on. 

* If signals are detected on several channels, the lowest num- 
bered channel with a signal determines the selection of the 
time base and trigger source. 

* If a pure DC signal is found, the trigger mode will be set to 
AUTO and the time base to 10 jisec. 

* Where the trace can not be shown entirely, or cannot be 
centered, auto-setup will indicate the cause of the problem: 

« Signal amplitude too large 

® DC component too large to show signal 

® DC component too large to center signal 



After the Main Menu button (2) has been pressed, any one of the 
oscilloscope’s interactive menus may be selected by pressing but- 
tons (2) through (10). Figure 20 shows the available menus which 
appear next to the adjacent menu keys. To obtain a given menu, 
simply press the button adjacent to the required menu. 
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PANEL STATUS MENU The Pane! Status menu (Figure 21) provides the user with a com- 
plete report of the front-panel settings and enables on-screen 
adjustment of acquisition parameters. 

Modify SMART Trigger button (2) displays the SMART trigger 
menu which allows the user to adjust the SMART trigger as re- 
quired. Further details are given in Section 7. 

Channel 1 Attenuator (4) and Channel 2 Attenuator (5) allow 
the user to enter probe attenuation factors of 1, 10, 100, 1000 or 
10000. 

# Segments Modify button (6) allows the user to set the number 
of segments for a sequence acquisition to 2, 5, 10, 20, 50, 100 or 
200 . 

Special Modes button (8) allows the user to access the menu for 
the Externa! Time-base Control and the Continuous Sequence 
Mode. 

Press the Return key (10) to return to the main menu. 
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The following information is presented on the screen: 

Vertical Parameters 

Fixed V/Div indicates the current setting of the front-panel 
control (29) with the VAR vernier in the fully clockwise posi- 
tion. 

Total V/Div indicates the current setting of the front-panel 
Volts/Div control (29) plus the additional sensitivity range (up 
to X 2.5 of the Fixed V/Div setting) provided by turning the 
VAR vernier (30) counterclockwise. 

Time-base Parameters 

Time/Point indicates the time between digitized points for the 
corresponding time-base setting. 
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Points/Div indicates the number of digitized points per divi- 
sion on the display of any non-expanded waveform. 

# Segments indicates the number of segments selected for se- 
quential acquisition. On-screen modification of this parameter 
is possible by pressing the Modify # Segments button (6) to 
change the indicated segment number from 2 to 200 in a rolling 
sequence. 

If the time-base setting is 5, 2 or 1 nsec/div, a message will be 
displayed indicating that the time base is too fast for the se- 
quence mode. 

Trigger Parameters 

Trigger Delay is indicated as being either a pretrigger or post- 
trigger delay. In Figure 21 the pretrigger delay indicated is 
10%, meaning that when in main menu the delay arrow is posi- 
tioned one division to the right of the left-hand edge of the 
grid. In the case of a post-trigger delay setting, this would be 
indicated in decimal fractions of a second (e.g., •<— 4.00 msec). 

Level- Indicates the trigger level in volts. 



The currently selected SMART trigger mode (single source, 
pattern, state qualified, time/events qualified, or TV) is always 
displayed in the Panel Status menu. When the SMART trigger 
is switched on, this will be the configuration. 



MEMORY STATUS MENU The Panel Status menu displays acquisition parameters for 

waveforms to be acquired. The Memory Status menu on the other 
hand displays acquisition parameters for waveforms already ac- 
quired and currently stored in the various memories of the 
9420/50. 

The annotation used for Memory Status is similar to that of the 
Panel Status menu. Pressing the Memory Status button (3) dis- 
plays the Memory Status menu for Channel 1 as shown in 
Figure 22. 
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Pressing button (2) or (3) or rotating the Reference button (42) 
while in the Memory Status menu will display in turn the acquisi- 
tion parameters of all the waveforms stored in acquisition, 
expansion, storage and function memories respectively (see Fig- 
ures 22 through 25). 
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Trigger Time Stamps A clock provides trigger time stamps for each acquisition. For sin- 

gle-shot applications, the trigger time is available in the Memory 
Status menu as shown in Figure 22. When a series of waveforms 
has been acquired in sequence mode, a special feature is available 
in the Memory Status menu as shown in Figure 26. By pressing the 
Sequence Times button (5) it is possible to obtain further infor- 
mation about the trigger timing (Figure 27). The sequence times 
of an acquisition can be displayed while the data are being ac- 
quired. 
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MEMORY STATUS MENU after an ACQUISITION in 

Figure 26 


SEQUENCE MODE 
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Buttons (1) and (2) select the required trace, Chan 1, Chan 2, 
Mem C, Mem D, Fun E or Fun F. 

Buttons (6) and (7) and the Difference knob (42) allow the user 
to scroll through the list of trigger times. 

Pressing the Absolute/Relative button (9) displays either absolute 
trigger times with 0.1 sec resolution together with dates, or trigger 
times relative to the first trigger with 1 nsec resolution. 

The sequence times of a continuous sequence mode acquisition 
are only available after the acquisition has been terminated. 

SAVING AND RECALL OF 

FRONT-PANEL SETUPS Pressing the Save Panel or Recall Panel buttons ((4) and (5) 

respectively) in the Main menu enables the user to store or recall 
up to seven different front-panel acquisition parameter settings. 
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Once you have obtained a satisfactory front-panel setup, simply 
call the Save Panel menu (Figure 28) by pressing button (4) ; then 
press any one of the buttons (2) through (8) to store this front 
panel setup where required. Press the Return button (10) to go 
back to the Main menu and continue normal oscilloscope opera- 
tion. 

To recall a previously stored front-panel setup, press the Recall 
Panel button (5) while in the Main menu. A list of the seven 
stored front-panel setups which are available will be displayed 
(Figure 29) . Previously stored settings will be indicated together 
with the date and time at which they were stored. Press the button 
((2) through (8)) which corresponds to the required setup, and 
the front-panel settings will automatically be configured according 
to the acquisition parameters recalled. 
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The default setup menu, button (9), is shown in Figure 30. 
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AUXILIARY SETUPS To access the auxiliary setups menu, (Figure 31 for the 9420 and 

Figure 32 for the 9450) . press button (6) in the Main menu. Infor- 
mation on the following is supplied for your 9420/50. 

Serial number 

Software version 

Software options 

Hardware options 

GPIB and RS-232-C configuration 
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Hard Copy The 9420/50 has been designed to enable direct interfacing of the 

oscilloscope via the rear-panel GPIB (IEEE-488) or RS-232-C 
plotter port. Single or multi-pen digital plotters, as well as HP, 
IBM and EPSON printers can be used to make hard copies of the 
display. 

When the 9420/50 is connected to a plotter via the GPIB port, 

with no host computer in the configuration, the oscilloscope’s rear 
panel thumb-wheel switch must be set to the Talk. Only mode (ad- 
dress ^ 31 decimal) and the plotter to the Listen Only mode. 

Note: Whenever the GPIB address is changed, the power must be 
turned off and on again. 

Enter the Hardcopy menu (Figure 33) by pressing button (2) in 
the Auxiliary Setups menu. 
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Use the Reference knob (42) or buttons (2) and (3) to scroll 
through the parameters. Note that the options available for each 
parameter are indicated in the lower right hand edge of the screen. 
Use the Difference knob (42) or buttons (4) and (5) to choose 
the required option. 

Hardcopy parameters can be selected by the user as shown in the 
following table: 
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PLOTTERS 


PRINTERS 


Device Type: HP7550A (or compatible) 

HP 7470A (or compatible) 
Graphtec FP 5301 
Philips PM8151 


EPSON FX80 (or compatible) 
HP QuietJet (or compatible) 
HP ThinkJel 
HP LaserJet 


Hardcopy Port: RS-232-C 

GPIB (IEEE-488) 


RS-232-C 


Graphics Density: 


Two to one 

Single 

Double 

Hi-speed double 
Quadruple 
CRT screen 
One to one 
Hi-res CRT 


Plotter Speed; Normal 

Low speed 

Number of 

Installed Pens: 1 to 8 




Page Feed: Off 

On 


Off 

On 


Plot Size: ISO A5-US 8.5”x5.5” Plot Area: 157x112 mm* 

ISO A4-US 8.5”x5.5” 235x168 mm* 

ISO A3-US 17”xll” 313x224 mm* 

Non-standard 

Non- 
standard: Size of the grid square: 1 to 99.9 mm in 0.1 mm steps 

Lower left corner position 
X [mm]: -999 to 999 mm in 1 mm steps 
y [mm]: -999 to 999 mm in 1 mm steps 


Size of grid square [mm] : 

1 to 99.9 mm in steps of 0.1 mm 



Table 4 



When the Hardcopy menu has been set up as required, pressing 
the Screen Dump button (11) will result in, a copy of the current 
screen being made on the plotter or printer. Note that plots are 
produced in parallel with normal oscilloscope operation. It is 
therefore possible to record and process waveforms while hard 
copies are being made. However, screen dumps onto a printer will 
halt other oscilloscope operations. 
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RS-232-C Setup An RS-232-C port is available on the rear panel of the 9420/50 

enabling remote oscilloscope operation and data transfer, as well 
as convenient plotter interfacing. 

When in the Auxiliary Setups menu, RS232, button (3), calls an 
interactive menu (Figure 34) which enables configuration of the 
oscilloscope’s RS-232-C port for a particular application. 




To modify any of the parameters displayed, first select the field to 
be modified. The rectangular frame around parameter values indi- 
cates the currently selected field. Pressing the Previous Field 
button (2) will cause the frame to move towards the top of the list, 
whereas pressing the Next Field button (3) will cause the frame to 
move downwards. The field can also be chosen by rotating the 
Reference knob (42) 

When a field has been selected, the current value of the field may 
be modified by pressing either the Previous or Next Value button 
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((4) or (5) respectively) or by rotating the Reference and Differ- 
ence control knobs (42). 

The Baud rate can be selected from a set of values in the range 1 10 
through 19,200 baud. The possible settings of character length are 
6, 7, and 8; parity, none, even or odd; and number of stop bits, 1 
and 2. 

Time Setup Menu Enter the Time menu (Figure 35) by pressing Time button (4) in 

the Auxiliary Setups menu. 

Six different fields (day, month, year, hours, minutes, and sec- 
onds) are accessed using buttons (2) and (3) or the Reference 
knob (42) . The settings are changed using buttons (4) and (5) or 
the Difference knob (42). 

When the date and time have been set as required, press Load 
Time, button (6), and then press Return, button (10). to return 
to the Auxiliary Setups menu. 
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X VERSUS Y DISPLAY The X versus Y (XY) display mode is switched on and off by press- 
ing button (8) of the main menu. The mode allows the user to 
display one source (from Channel 1, Channel 2, Expand A, Ex- 
pand B, Memory C, Memory D, Function E, Function F) against 
another. The technique is normally used to compare the amplitude 
information of two waveforms and can reveal phase and frequency 
information through the analysis of patterns called Lissajous fig- 
ures. 

The layout of the XY screen is shown in Figure 36. The square 
grid in the top half of the screen is used for the XY display while 
the rectangular grid underneath simultaneously shows the original 
source waveforms. The rectangular grid can also be used in a Dual 
Grid mode by pressing button (14). 
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Selecting Traces 
for XY Display 



Cursors 



To select the two waveforms for display in the XY mode, simply 
use the Trace On/Off buttons ((50) through (53)) . The first trace 
selected is automatically assigned to the X (horizontal) axis of the 
XY display. The second trace selected is assigned to the Y (verti- 
cal) axis. Both selections are indicated in the Displayed Trace field 
at the right-hand side. 

For the XY display to be correctly generated, the traces selected 
must be of the same time or frequency interval/point and have the 
same horizontal unit (seconds or hertz). As soon as two cornpat- 
ible traces have been selected, the XY display is automatically 
generated. If incompatible traces are selected, a warning message 
is displayed at the top of the screen. If two. compatible traces are 
selected that have different trigger points (horizontal offset) , then 
only the common part of each trace is displayed. 

As with the standard waveform display, time and voltage cursors 
can be used with the XY display. The time cursors are similar to 
those of the standard waveform display, with additional cursors at 
the corresponding XY position in the square XY display. 

Cursors move on acquired or computed traces following the asso- 
ciated sampling interval and on the XY display on paths given by 
the acquisition time (Figure 36). 

The voltage cursors appear on the square grid but do not appear 
on the rectangular grid which shows the normal time-domain 
waveforms. In absolute voltage mode a vertical and a horizontal 
bar appear on the XY display. While in relative voltage mode a 
pair of vertical and a pair of horizontal bars appear on the XY 
display. 

The X and Y absolute voltage cursors may be repositioned using 
the Reference and Difference (42) knobs and the Cursor Con- 
trol X/V button (9) in the Menu field (II). 

The X amd Y relative voltage cursors may be repositioned using 
the Reference and Difference (46) knobs and the Cursor Con- 
trol X/Y button (9) in the Menu field (II). 

The voltage value of each cursor is shown below the trace title in 
the fields on the right hand side of the screen. The time cursor 
value which is common to all traces is shown at the lower left of the 
screen. 

Combinations of the vertical values (voltages) are shown at the 
right side of the square grid (see Figure 36): 

(1) The ratio AY value / AX value 

(2) The ratio in dB units 20 "loglO (ratio) 

(3) The product AY value * AX value 
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(4) The distance to the origin r = sqrt (AX * AX + AY *AY) 

(5) The angle (polar) 0 = arc tan (AY / AX) 

range [-180® to +180°]. 

The definition of AX and AY is dependent on the type of cursors 
used. The following table shows how AX and AY are defined for 
each type of measurement. 



Cursors 








TAbs 






^Abs 


VRel 


Org = (0,0) 


Org =Vxoffset 
Vyoffset 


"TRcI 


AX 

AY 


VxRef - 0 
VyRef - 0 


VxDif - VxRef 
VyDif - VyRef 


VxRef “ 0 

VyRef - 0 


VxRef - Vxoffsel 
VyRef - Vyoffset 


VxDif - VxRef 
VyDif - VyRef 



Where 






VAbs 


= Absolute Voltage cursors 




VrgI 


= Relative Voltage cursors 




TAbs 


= Absolute Time cursors 




TreI 


= Relative Time cursors 




Org 


= Origin 




VxRef 


= Voltage of the reference cursor on the X trace 


VyRef 


= Voltage of the reference cursor 


on the Y trace 


VxDif 


= Voltage of the difference cursor 


on the X trace 


VyDif 


= Voltage of the difference cursor 


on the Y trace 



Selecting the 

Reference Point In order to make the polar readout of the absolute time cursor 

more useful, there is the possibility of choosing between two refer- 
ence points. The reference is either located at point (0, 0), i.e. at 
X = 0 Volt and Y = 0 Volt, or at the center of the square grid. 
Menu button (9), active only in absolute time cursor mode, toggles 
the displacement of the reference origin to the center of the grid 
ON and OFF. 

The values of the origin are displayed on the left-hand side of the 
square grid. By changing the offsets of the source traces the user 
can center a figure on the screen and then measure angles and 
distances with respect to the center of the figure. 
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STORE MENU 



The Store button (1) enables the user to store any of the traces in 
the oscilloscope’s acquisition memories into reference Memories 
C and/or D. 

To store the currently acquired waveform,, press button (1) and 
respond to the messaps displayed to the left of the grid. The op- 
tions are shown in Figure 37. 





Whenever the user wishes to switch off the oscilloscope but still 
store data in the oscilloscope’s non-volatile acquisition memories 
(Channels 1 and 2), the CD > 12 transfer is particularly useful. 
Once button (8) is pressed, data are automatically transferred 
from the volatile reference memories to the non-volatile acquisi- 
tion memories. The oscilloscope is also switched to the single 
trigger mode so that further acquisitions cannot overwrite the 
stored data. The oscilloscope can now be safely switched off. At 
power ON, the contents of Channels 1 and 2 will be transferred 
back into Memories C and D. 
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Note: Users should be aware that Memories C and D are volatile 
and will be erased when the oscilloscope is switched off. For non- 
volatile storage, use the CD > 12 button (8) before switching off 
the oscilloscope. 

SPECIAL MODES The Special Modes menu (Figure 38) is entered by pressing button 

(8) in the Panel Status menu (Figure 21). The menu allows the 
user to control the External Time base and/or the Continuous 
Sequence mode. 




Use the Reference knob (42) or buttons (2) and (3) to scroll 
through the parameters. Note that the options available for each 
parameter are indicated on the lower right-hand edge of the 
screen. Use the Difference knob (42) or buttons (3) and (4) to 
choose the required option. 
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External Time Base 
Control 



The Externa! Clock Input (55) allows the users to drive the 
ADCs of the oscilloscope using their own clock, signal. T>j?ical 
applications involve the use of very high-precision clocks or clocks 
that provide variable or non-standard frequencies. 

For the specifications of the external clock see Section 8. 

Operation of the External Clock Input is switched ON once the 
External Time Base has been set to active in the Special Modes 
menu (Figure 38). The oscilloscope will require a number of 
pulses (typically between 20 to 100) before it recognizes the exter- 
nal clock signal. Once the external clock signal has been detected, 
its rising edge is used to clock the ADCs of the oscilloscope. No 
attempt is made to measure the time difference between the trigger 
and the external clock. The acquisition is halted only when the 
trigger conditions have been satisfied and the appropriate number 
of data points has been accumulated. The user can select the trig- 
ger delay in the same way as for an internal time base acquisition. 
As the input frequency of the external clock signal is unknown, 
information relating to post-trigger settings and cursors (including 
parameters) is expressed in samples rather than seconds. 

The sequence acquisition modes can be used with the external 
clock. However, users should be aware that the sequence time 
stamps are generated by the internal time clock and are not cor- 
rected for the acquisition delay or duration. 

The oscilloscope’s random interleaved sampling mode is not avail- 
able when using an external clock. 

Any adjustment to the Time/Division knob (41) automatically re- 
turns the oscilloscope to normal (internal) clock operation. 
Alternatively, the External Time Base can be switched OFF by 
selecting Inactive in the special modes menu. 



Continuous Sequence 
Mode 



This mode of operation is a special form of sequence acquisition 
and continuously stores waveforms in segmented memory as long 
as triggers are received. Once triggering stops, the user can inspect 
the entire contents of acquisition memory to inspect the last N 
waveforms (where N is the number of segments selected in the 
Special Modes menu). The number of waveforms stored may be 
selected by pressing the # Segments Modify buttori (6). The ac- 
quisition of waveforms can only be started by using the Start 
Continuous button (9). Acquisition of waveforms will continue 
until no more triggers are received. The user can then inspect the 
waveforms by pressing the Seqnce button (28). Pressing the 
Seqnce button during acquisition terminates the Continuous Se- 
quence Mode and allows the user to view the last N waveforms. 
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Note: In this mode of operation, if the trigger rate is high (7500 
triggers/second), the oscilloscope may appear to freeze in opera- 
tion. If this happens, remove the trigger source and normal 
response will be restored. 





THE SMART TRIGGER 



Note: In the following sections, roman numerals in parentheses 
refer to the display field numbering scheme in Figure 6. Arabic 
numerals relate to the numbering scheme used to refer to front- 
and rear-panel controls and connectors in Figures 1 and 3 (9420) 
or Figures 2 and 3 (9450). 

INTRODUCTION Two levels of triggering are available in the 9420/50, the standard 

trigger and the SMART trigger. Operation of the standard trigger is 
covered in Section 6. There are five basic operational modes 
within the SMART trigger as shown in Figure 39. 



SMART Trigger 




Push Button 




Standard Trigger 






! ’ 























Single 


-source 






State-qualified 






TV Mode 



Pattern 



Time/Event Qualified 



THE SMART TRIGGER 

Figure 39 



APPLICATIONS To capture rare phenomena such as glitches or spikes, logic states 

or missing bits, an oscilloscope must be able to trigger on elusive 
events. The 9420/50 offers the user a variety of sophisticated trig- 
ger modes based on two important facilities: 

a) The ability, by using a counter which can be pre-set, to count a 

specified number of events (1 to 10®), or alternatively to meas- 
ure time intervals up to 20 sec. 

This feature can be applied either to introduce a post-trigger 
hold-off, which can be set as a number of events or as a time 
interval, or to trigger on pulse widths or on pulse separations 
greater or smaller than a value chosen by the user, or to count 
the time or number of events after a starting condition before 
allowing a trigger. 
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Single-source Triggers 
Hold-off 



Width-based Trigger 



b) The ability to sense the logic state of the trigger sources Channel 
1, Channel 2 and External, and to trigger on a chosen logic 
combination. 

There are two types of single-source triggers in the 9420/50. These 
are the Hold-off and Width-based triggers. Details of how to set 
up these triggers are given later in this section. 

Trigger hold-off is required to get a stable display of complex re- 
petitive waveforms. Depending on the application, the waveforms 
may consist of a sequence of digital pulses or pure analog pulses. 
Therefore, it may sometimes be convenient to define the hold-off 
in terms of number of pulses, and in terms of time for other appli- 
cations, even though both may give rise to the same result. What is 
important is that the hold-off has to be a multiple of the period of 
the complex waveform, where the period is measured in terms of 
time or number of events. 

It should be noted that the hoid-off is started by potential triggers 
(and not at the end of an acquisition) . Potential triggers will be 
accepted if the oscilloscope is armed but will be ignored if the 
oscilloscope is still busy handling the previous trigger. In fact the 
hold-off ensures synchronization between successive real triggers. 

The width-based trigger is a major innovation in oscilloscopes. 
Two possibilities exist: 

a) Pulse Width, i.e. the time from the trigger source transition of a 
given slope to the next transition of opposite slope. 

b) Interval Width, i.e. the time from the trigger source transition 
of a given slope to the next transition of the same slope. 

After selecting a pulse or an interval width, the user can choose to 
trigger on widths smaller or greater than the given value. This fea- 
ture offers a wide range of capabilities for application fields as 
diverse as digital and analog electronic development, ATE, EMI, 
telecommunications, and magnetic media studies. Catching elu- 
sive rare glitches becomes very easy. In digital electronics, where 
the circuit under test normally uses an internal clock, a glitch can 
be theoretically defined as any pulse which has a width smaller 
than the clock period (or half period). The 9420/50 can selec- 
tively trigger only on those events. 

In a much broader sense, a glitch can be defined as a pulse much 
faster than the waveform under observation. Glitches are a source 
of problems in many applications. Therefore, the possibility of trig- 
gering on a glitch, investigating what generated it and measuring 
the damage caused by it, represents a fundamental tool. 
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Multi-source Triggers 



Pattern Trigger 



The trigger on pulse widths smaller than a given value has been 
named FASTGLITCH. 

FASTGLITCH trigger mode, like the other modes, can be se- 
lected at any time-base setting. The user can define widths with 
2.5 nsec resolution starting at a minimum value of 2.5 nsec, For 
recurrent glitches, the oscilloscope's random interleaved sampling 
mode allows glitch visualization with an equivalent sampling rate of 
up to 10 gigasamples/sec, that is one sample point every 100 psec. 

Missing bits in long data streams are easily triggered on using the 
interval width triggering facility. For ranging applications, interval 
trigger may be used to ignore unwanted signal reflections. 



There are four types of multi-source triggers in the 9420/50. 
These are the Pattern, State-qualified, Time/Event Qualified and 
TV triggers. Details of how to set up these triggers are given later in 
this section. 



A pattern trigger is defined as a logical AND combination of the 
states of Channel 1, Channel 2 and External. The states are de- 
fined as being either low (L) or high (H) or don’t care (X) with 
respect to the individually defined trigger thresholds. Furthermore 
the user decides whether the oscilloscope should trigger at the be- 
ginning of the defined pattern or at the end. i.e. when the pattern 
is “entered” or “exited” . 

The FASTGLITCH and time-separation trigger capabilities de- 
scribed above can be combined with pattern trigger, enabling the 
user to compare the “duration” of the pattern trigger, or the inter- 
val between patterns, with a reference time. This also applies to 
the hold-off by time or number of events. 

The pattern trigger will be appreciated every time complex logic 
has to be tested. Examples are: computer or microprocessor de- 
bugging; High Energy Physics where a physical event is identified 
by several events occurring simultaneously; and debugging of data 
transmission busses in telecommunications. 

When set to pattern trigger, the 9420/50 always checks the logic 
AND of the defined input logic states. However, with the help of 
de Morgan’s laws, the pattern becomes much more general. To 
demonstrate this, consider an example which is of particular im- 
portance, that is a bi-level or window trigger. 

Bi-level trigger means that the user is expecting a single-shot sig- 
nal where the amplitude will go outside a known range in either 
direction. 
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A bi-Ievel trigger can be set up as follows. The signal should be 
connected to two inputs, Channel 1 and Channel 2 ( or Channel 1 
and External , or Channel 2 and External). The threshold of 
Channel 1 should be set to +100 mV and the threshold of Chan- 
nel 2 to -200 mV for example. The required bi-level trigger will 
occur if the oscilloscope triggers on Channel 1 for any pulse greater 
than + 100 mV or on Channel 2 for any pulse more negative than 
- 200 mV. For improved precision, the gains of the two channels 
should be at the same setting. 

In Boolean notation we can write: 

Trigger = CHI + CH2 
i.e. trigger when entering the pattern 
CHI = high OR CH2 = low 

By de Morgan’s laws this is equivalent to: 

Trigger CHT ■ CH2 
i.e. trigger when exiting the pattern 
CHI = low AND CH2 = high 
This configuration can be programmed easily. 

The possibility of setting the threshold individually for each chan- 
nel extends this method to a more general window trigger where, 
in order to have a trigger, it is required that the input pulse ampli- 
tude lies within or outside a given arbitrary window. 

Another important aspect of the pattern trigger is that all the fea- 
tures already examined for the single-source trigger mode can also 
be used. That is, the user again has the choice of imposing a hold- 
off by time or by number of events or alternatively to compare the 
“duration” or the intervals which are greater or smaller than a time 
duration specified by the user. 

The pattern trigger has been designed to let the user choose the 
trigger point. By choosing LHX entering, the trigger will be given at 
the moment that the pattern LHX becomes true. If we now add 
the condition patter n widt h < reference time, this will refer to the 
width of the pattern LHX preceding the trigger point. Therefore, 
this trigger mode checks the repetition rate of the pattern. 




The Smart Trigger 



State-qualified Trigger In this mode a transition into a user-defined logic state of two 

inputs starts a predetermined time delay or trigger count. The logic 
state serves as an enabling condition to the third input which is the 
source of the trigger. The logic state must remain valid in order 
that the trigger occurs (see Figure 4 1) . It is important to note that 
the time delay or trigger count is restarted every time the logic state 
is entered. 

Typical applications can be found wherever time violations may 
occur, for example in micro-processor debugging or telecommuni- 
cations. 
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STATE-QUALIFIED TRIGGER TIMING DIAGRAM 
Figure 41 





Time/Event 
Qualified Trigger 



This trigger is similar to the State-qualified trigger. The differences 
are that the logic state can be defined on all three inputs and that 
the logic state is not required to remain valid in order to have a 
trigger. Therefore, the logic state starts a delay by time or number 
of events after which triggering is enabled (see Figure 42). It 
should be noted that, unlike the state-qualified trigger, the delay is 
not restarted by every transition into the state. The trigger must 
occur or the acquisition must be stopped and restarted (by chang- 
ing the trigger mode from Norm to Single to Norm or from Single 
armed to Single Trig’d to Single armed). 

This trigger mode provides a solution to applications involving 
systems with long firing jitter time, e.g. lasers and magnetic discs. 

Other applications for the Time/Event qualified trigger can be 
found in telecommunications or microprocessors for debugging of 
asynchronous data buses. 
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TV trigger This trigger is a special form of theTime/Event qualified trigger, A 

composite video signal on the external trigger input is analyzed to 
provide a signal for the beginning of the chosen field (any, odd, or 
even) and a signal at the beginning of each line. The field signal 
provides the starting transition and the beginning of line pulses are 
counted to allow the final trigger on the chosen line. LeCroy’s TV 
trigger includes an enhanced field counting capability which can 
maintain the trigger on a known field relative to some initial trigger 
(FIELDLOCK). The field, number of fields and the field rate, 
interlace factor, and number of lines/picture must be specified for 
this feature. Standard settings exist for the most popular forms of 
TV signals. The TV trigger can also function in a simple any line 
mode. Applications can be found wherever TV signals are present. 



TV Signal 
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Trigger 





TV TRIGGER TIMING DIAGRAM 

Figure 43 



96 





The Smart Trigger 



MANIPULATING 
THE SMART TRIGGER 

SMART Trigger Controls 



SMART Trigger Menu 



Full details of setting the standard trigger parameters, delay, level, 
slope, coupling and mode are given in Section 6. 

SMART Trigger, button (35), switches between the SMART and 
standard trigger modes. 

DELAY, LEVEL and VALUE are selected using button (39) and 
set using the Adjust knob (37). Value can only be used and ad- 
justed when the oscilloscope is in the SMART trigger mode. Figure 
44 shows the SMART trigger controls. 




Width trigger, pressing the Zero button sets the width to its mini- 
mum value for each particular trigger mode. 

TIME, EVENTS, WIDTH <. and WIDTH > are selected using 
button (36) and their settings can be adjusted using the Adjust 
knob (37), when the Value LED is lit. 

The SMART trigger is switched on and off using the SMART 
Trigger button (35). The ON LED beside the button lights and 
the following message appears in the message field (IX): 
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Inspect/Modify SMART TRIG in Panel Status menu. 

Note that the SMART trigger remains configured as it was when it 
was previously used. SMART trigger configurations are also stored 
when a front-panel setup is stored using the Save Panel button (4) 
in the Main menu. 




Buttons (2) and (3) and the Reference button (42) allow the user 
to select the required parameter. Buttons (4) and (5) and the Dif- 
ference button (42) are used to adjust a selected parameter, 
Pressing Cancel, button (8), returns the oscilloscope to the 
SMART trigger configuration which was set when the menu was 
first entered. Pressing Return, button (10), returns the oscillo- 
scope to the Panel Status menu. 

Trigger Graphics To help the user rapidly interpret SMART trigger configurations, a 

visual indication of the trigger is given by the oscilloscope’s special 
trigger graphics. Examples of typical SMART trigger graphics, to- 
gether with descriptions are given in Figure 46. 
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The Smart Trigger 



Pressing the Zero button (38) sets the hoid-off to the minimum 

value . 

Hold-off By Time 1) Set the trigger Level, Delay, Coupling, Slope and Source as 

required. These parameters can be set before or after entering 
the SMART trigger menu. However, they must be set when the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the panel status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Single Source. 

6) Select Value using button (39) . 

7) Select Time using button (36) . Figure 48 shows the screen dis- 
play. (Note that although Width Type is indicated on the 
screen it is only relevant if either the Width < or Width > 
LEDs are lit.) 
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The Smart Trigger 




8) The Adjust button can then be used to set the hoid-off (in the 
range 25 nsec through 20 sec). 

9) The minimum hold-off can be obtained by pressing the Zero 
button (38), This gives a 12.5 nsec hold-off. The screen 
shows; No wait. 

Hold-off By 

Number Of Events 1) Set the trigger Level, Delay, Coupling, Slope and Source as 

required. These parameters can be set before or after entering 
the SMART trigger menu. However they should be set when 
the SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 
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The Smart Trigger 



3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type, 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Single Source. 

6) Select Value using button (39) . 

7) Select Events using button (36). Figure 49 shows the screen 
display. (Note that although Width Type is indicated on the 
screen it is only relevant if either the Width < or Width > 
LEDs are lit.) 




8) The Adjust button can then be used to set the hold-off (in the 
range 1 event through 10® events). 
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The Smart Trigger 



Pulse Width-based 
Trigger Modes 



9) If no hold-off by events is required, press the ZERO button 
(38). In this case a minimum hold-off of 12.5 nsec will occur. 



Width-based triggers operate on a given pulse width, or a given 
interval between pulses. Two pulse-width based triggers are avail- 
able as shown in Figure 50 and described below: 



I 



Trigger 

Threshold 



Trigger position: 

Pulse width < T (FASTGLITCH trigger) 




Trigger position: 
Pulse width > T 



PULSE WIDTH TRIGGERS 
Figure 50 



Pulse width < a specified pulse width (FASTGLITCH): The 
9420/50 triggers on opposite slopes of pulses narrower than a 
specified value. Values in the range 2.5 nsec through 20 sec may 
be chosen. 

Pulse width > a specified pulse width; The 9420/50 triggers on 
opposite slopes of pulses wider than a specified value. Values in 
the range 2.5 nsec through 20 sec may be entered. 
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Pulse Width < 

A Specified Value 
(FASTGLITCH) 



1) Set the trigger Level, Delay, Coupling, Slope and Source as 
required. These parameters can be set before or after entering 
the SMART trigger menu. However, they must be set when the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Single Source. 

6) Use buttons (2) and (3) or the Reference button to select 
Width Type. 

7) Use buttons (4) and (5) or the Difference button to set Width 
Type to Pulse Width. 

8) Select Value using button (39). 

9) Select Width < using button (36). Figure 51 shows the screen 
display. 

1 0) The Adjust button can then be used to set the pulse width (in 
the range 2.5 nsec through 20 sec). 

Note: The separation between the leading edges of two consecutive 

pulses should be greater than 10 nsec to correctly measure the 

width. If this condition is not satisfied, the width measurement can 

be affected by a maximum error of 10 nsec. 
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Pulse Width > 

a Specified Value 1) Set the trigger Level, Delay, Coupling, Slope and Source as 

required. Note that they can also be set after entering the 
SMART trigger menu. However, they must be set when the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Single Source. 
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Interval Width 
Trigger Modes 



6) Use buttons (2) and (3) or the Reference button to select 
Width Type. 

7) Use buttons (4) and (5) or the Difference button to set Width 
Type to Pulse Width. 

8) Select Value using button (39). 

9) Select Width > using button (36). 

10) The Adjust button can then be used to set the pulse width (in 
the range 2.5 nsec through 20 sec). 



based 

Two interval width based triggers are available as indicated in Fig- 
ure 52 and described below. 



Interval width < T 



Trigger position: 



interval width > T 



Trigger position: 



INTERVAL WIDTH TRIGGERS 
Figure 52 



Interval Width < a Specified Width: The oscilloscope triggers on 
similar slopes of signals narrower than a value in the range 10 nsec 
through 20 sec. 

Interval Width > a Specified Width: The oscilloscope triggers on 
similar slopes of signals wider than a value in the range 25 nsec 
through 20 sec. 
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Interval Width < 
A Specified Value 



1) Set the trigger Level, Delay, Coupling, Slope and Source as 
required. These parameters can be set before or after entering 
the SMART trigger menu, flowever, they must be set when the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Single Source. 

6) Use buttons (2) and (3) or the Reference button to select 
Width Type. 

7) Use buttons (4) and (5) or the Difference button to set Width 
Type to Interval Width. 

8) Select Value using button (39). 

9) Select Width < using button (36). Figure 53 shows the screen 
display. 

10) The Adjust button can then be used to set the interval width 
(in the range 10 nsec through 20 sec). 



108 




The Smart Trigger 




Interval Width > 

A Specified Value 1) Set the trigger Level, Delay, Coupling, Slope and Source as 

required. These parameters can be set before or after entering 
the SMART trigger menu. However, they must be set when the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Single Source. 
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6) Use buttons (2) and (3) or the Reference button to select 

Width Type. 

7) Use buttons (4) and (5) or the Difference button to set Width 
Type to Interval Width. 

8) Select Value using button (39). 

9) Select Width > using button (36). 

10) The Adjust button can then be used to set the interval width 
(in the range 25 nsec through 20 sec). 




The Smart Trigger 



MULTI-SOURCE 

TRIGGER MODES The 9420/50 has three trigger sources, CHAN 1, CHAN 2, and 

EXT. each of which can be defined as high (H), low (L) or don’t 
care (X). By setting the sources as required several multi-source 
trigger features are available. 

Pattern Trigger The oscilloscope triggers on the logic AND of the three sources. 

The user can choose whether the oscilloscope triggers when the 
state is entered (i.e. as soon as the pattern is valid) or exited (i.e. 
when the pattern is no longer valid). The pattern trigger is sche- 
matically represented in Figure 54. 



Panel 




FASTGLITCH 



PATTERN TRIGGER 
Figure 54 



Note: To practice manipulating the SMART trigger, the user 

should configure at least one pulse /interval' width trigger and one 
trigger with hold-off as described above before setting up the pat- 
tern, state-qualified or time/events qualified triggers. 
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The Smart Trigger 



Adjusting 

the Pattern Trigger 1) Set the trigger Level, Delay, and Coupling for each source as 

required. These parameters can be set before or after entering 
the SMART trigger menu. However, they must be set while the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the panel status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Pattern. Figure 55 indicates a typical pattern trigger 
menu. 
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The Smart Trigger 



To configure the pattern trigger the following parameters must 
be set: 

* The pattern itself. Channel 1, Channel 2 and External can be 
set to either high (H), low (L) or don’t care (X). 

• Whether the 9420/50 should trigger when the pattern begins 
(entered) or when the pattern ends (exited) . 

•Other conditions, i.e. 

Hold-off by time or events 

Pulse width < or > than a specified value, 

interval width < or > than a specified value. 

6) Use the Reference and Difference buttons to select and set 
Channel 1, Channel 2 and External to the required logic states. 

7) Select Pattern State and set it to entered or exited as required. 

8) There are now some further options: 

a) Triggering independently of pattern width or interval width, 
with no hold-off. 

Select Value using button (39). 

Use button (36) to select Time or Events and then press 
the Zero button. 

b) Triggering at the beginning or end of a pattern followed by a 
hold-off by time or events. 

Select Value using button (39). 

Use button (36) to select Time or Events and use the 
Adjust knob (37) to set the hold-off as required. 

Range: Hold-off by time: 25 nsec to 20 sec. 

Hold-off by events: 1 to 10 ^ events. 

No hold-off: = 12.5 nsec 

c) Triggering at the beginning or end of a pattern if the time 
since the last pattern or of the pattern itself is < or > a speci- 
fied value. 

Select Width Type and set it to Pattern Width. Use but- 
ton (36) to select Width < or Width > as required. Set 
the width using the Adjust knob (37). 

Range: Pattern width <: 2.5 nsec to 20 sec. 

Pattern width >: 2.5 nsec to 20 sec. 

Note: The separation between the leading edges of two con- 
secutive pulses should be greater than 10 nsec to correctly 
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measure the width. If this condition is not satisfied, the 
width measurement can be affected by a maximum error of 
10 nsec. 

d) Triggering at the beginning or end of a pattern if the time 
since the previous transition of this type is < or > a specified 
value. 

Select Width Type and set it to Interval Width. Use 

button (36) to select Width < or Width > as required. 

Set the width using the Adjust knob (37) . 

Range: Interval width <; 10 nsec to 20 sec. 

Interval width >: 25 nsec to 20 sec. 

This is a variation of pattern trigger enabling the oscilloscope to 
trigger on any signal (connected simultaneously to two trigger 
channels) that exceeds a preset high or low trigger level. The third 
channel must be set to don’t care. This is also known as a window 
trigger since the 9420/50 will trigger whenever the signal leaves the 
allowed region. In the following this will be known as a transition. 
This mode allows the oscilloscope to trigger when a transition oc- 
curs regardless of whether the slope is positive or negative. 



1) Use a T-connector to connect the same signal to Channel 1 and 
2 (or Channel 1 and Exernal, or Channel 2 and External). 

2) Ensure that cables connected to Channels 1 and 2 are the same 
length. This is very important as the signals must arrive at both 
inputs at exactly the same time. 

3) Set the trigger Level, Delay, and Coupling as required. These 
parameters can be set before or after entering the SMART trig- 
ger menu. However, they must be set when the SMART trigger 
is OFF. 

Note: In (his example it is crucial that the trigger level of Chan- 
nel I be lower than the trigger level of Channel 2 . The best way 
to verify this is by looking at the real signal. 

4) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

5) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

6) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

7) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Pattern. 




The Smart Trigger 



8) Use the Reference and Difference buttons to select and set 
Channel 1 to high (H), Channel 2 to low (L) and External to 
don't care (X). 

9) Select Pattern State and set it to exited. 

10) There are now some further options: 

a) Triggering on any transition with no hold-off. 

Select Value using button (39). 

Use button (36) to select Time or Events and then press 
the Zero button. 

b) Triggering on a transition followed by a hold-off by time or 
events. 

Select Value using button (39). 

Use button (36) to select Time or Events and use the Ad- 
just knob (37) to set the hold-off as required. 

Range: Hold-off by time: 25 nsec to 20 sec. 

Hold-off by events: 1 to 10® events. 

No hold-off: i.e. 12.5 nsec 

c) Triggering on a transition if the time since the signal transi- 
tion is < or > a specified value. 

Select Width Type and set it to Pattern Width. 

Select Value using button (39). 

Use button (36) to select Width < or Width > as required. 
Set the width using the Adjust knob (37) . 

Range: Pattern width <: 2.5 nsec to 20 sec. 

Pattern width >: 2.5 nsec to 20 sec. 

Note: The separation between two consecutive transitions 
should be greater than 10 nsec in order to have a correct 
measurement of the width. If this condition is not satisfied, 
the width measurement can be affected by a maximum er- 
ror of 10 nsec. 

d) Triggering on a transition if the time since the previous tran- 
sition is < or > a specified value. 

Select Width Type and set it to Interval Width. 

Select Value using button (39). 

Use button (36) to select Width < or Width > as required. 
Set the width using the adjust knob (37). 

Range: Interval width <: 10 nsec to 20 sec. 

Interval width >: 25 nsec to 20 sec. 
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State-qualified Trigger The oscilloscope triggers on any source if a certain pattern of the 

other two sources is present. It is also possible to specify a delay by 
time or number of events which starts as soon as the pattern be- 
comes valid. A schematic diagram is shown in Figure 56. 

Note: A transition from pattern invalid to pattern valid is neces- 
sary to start the delay (if it is not set to zero). 




Front 

Panel 




Adjusted before entering 
the SMART trigger 



in SMART Trigger 
Mode 



STATE-QUALIFIED TRIGGER 
Figure 56 
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Adjustments 1) Set the trigger Level, Delay, Coupling, and Slope as required. 

These parameters can be set before or after entering the 
SMART trigger menu. However they should be set when the 
SMART trigger is OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 



5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to State Qualified. Figure 57 indicates a typical state- 
qualified trigger configuration. 
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To configure the state-qualified trigger the following parameters 
must be set: 

* The trigger source, CHANl, CHAN2, LINE or EXT. 

* The required logic pattern of Channel 1, Channel 2 and Exter- 

nal. 

* Whether the 9420/50 should trigger when the pattern is absent 
or present. 

* Other conditions, i.e. a hold-off by time or events. 

6) Use the Reference and Difference buttons to select Trigger 
Source and set it to CHANl, CHANl, LINE or EXT as re- 
quired. 

7) Select each of the remaining sources and set them to the re- 
quired logic states, H, L or X. 

8) Select Pattern State and set it to absent or present as re- 
quired. 

9) There are now some further options: 

a) Triggering without a wait. 

Select Value using button (39). 

Use button (36) to select Time or Events and then press 
the Zero button (38). 

In this case the 9450 will trigger on the first source event 
with the required logic pattern. It will not require a transi- 
tion of the pattern. 

b) Triggering when a certain pattern of two trigger sources is 
present or absent followed by a delay by time or events. 

Note: A transition from pattern invalid to pattern valid is 
necessary to start the delay (if it is not set to zero). 

Select Value using button (39) . 

Use button (36) to select Time or Events and use the Ad- 
just knob (37) to set the delay as required. 

Range: Wait by time: 20 nsec to 20 sec. 

Wait by events: 3 to 10® events. 
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Time/Event 

Qualified Trigger The oscilloscope triggers on any source as soon as a certain pattern 

of the three channels is entered or exited. From the moment of 
validity of the pattern, a delay can be defined in terms of time or 
number of trigger events. Note that the delay follows a trigger and 
is not restarted by every transition of the pattern. A schematic 
drawing of the time/events qualified trigger is given in Figure 58. 



Front 

Panel 



Front 

Panel 




Adjusted before entering 
^ the SMART trigger 



in SMART Trigger Mode 



TIME/EVENT QUALIFIED TRIGGER 
Figure 58 
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1) Set the trigger Level, Delay, and Slope as required. These pa- 
rameters can be set before or after entering the SMART trigger 
menu. However they should be set when the SMART trigger is 
OFF. 

2) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

3) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

4) Use buttons (2) and (3) or the Reference button to select Trig- 
ger Type. 

5) Use buttons (4) and (5) or the Difference button to set Trigger 
Type to Time/events Qualified. 

6) Use the Reference and Difference buttons to select Trigger 
Source and set it to CHANl, CHAN2, LINE or EXT as re- 
quired. 

7) Set the pattern trigger sources to the required logic states, H , L 
' or X. 

8) Select Pattern State and set it to entered or exited as required. 
A typical time/events qualified trigger configuration is shown in 
Figure 59. 




The Smart Trigger ^ 




To configure the time/events qualified trigger the following pa- 
rameters must be set: 

* The trigger source, CHANl, CHAN2, LINE or EXT. 

* The required logic pattern of the sources Channel 1, Channel 2, 
and External. 

* Whether the oscilloscope should trigger when the pattern is en- 
tered or exited. 

* Other conditions, i.e. a wait by time or events. 

9) There are now some further options: 

a) Triggering without a wait. 

Select Value using button (39). 

Use button (36) to select Time or Events and then press 
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the Zero button. 

Note: A transition from pattern invalid to pattern valid is 
always necessary. 

b) Triggering on a chosen source as soon as a certain pattern of 
the three sources is entered or exited and a delay by time or 
events. 

Select Value using button (39). 

Use button (36) to select Time or Events and use the Ad- 
just knob (37) to set the wait as required. 

Range: Wait by time: 10 nsec to 20 sec. 

Wait by events: 0 to 10® events. 

TV trigger The oscilloscope triggers on the beginning of the chosen line of a 

composite video signal on the EXT trigger input. A schematic 
drawing of the TV trigger is shown in Figure 60. 
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Adjusting the TV trigger 



1) Ensure that the SMART trigger is switched ON. (The LED be- 
side button (35) should be lit.) 

2) Press Modify SMART Trig in the Panel Status menu to enter 
the SMART trigger menu. 

3) Use buttons (2) and (3) or the Reference button to select 
Trigger Type. 

4) Use buttons (4) and (5) or the Difference button to set Trig- 
ger Type to TV. 

5) Use buttons (2), (3), (4) and (5) to set the required Number 
of Fields. 

6) Use buttons (2), (3), (4) and (5) to set the required Charac- 
teristics. 

7) For non-standard characteristics, select the Lines/picture and 

Interlace. 



Figure 61 shows a typical TV trigger configuration. 
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8) There are now some further options: 

a. Triggering on any line 

Select Value using button (39). 

Use button (36) to select Events and then press the Zero 
button (38). 

b. Triggering on a particular line 
Select Value using button (39). 

Use button (36) to select Events and then the Adjust knob 
(37) to select the line. 

c. Triggering on a particular field 
Select Value using button (39). 

Use button (36) to select Time and then the Adjust knob 
(37) to select the field. 

A. The enhanced field-counting capability (FIELDLOCK) allows 
the oscilloscope to trigger consistently on a chosen line within a 
chosen field of the signal. Most TV systems have more than two 
fields. For example, with the number of fields set to 8 on the 
oscilloscope, the required line is triggered on and the user can 
examine all of its characteristics in a reproducible way. It 
should be noted that the field numbering system is relative in 
that the oscilloscope cannot distinguish between lines i, 3, 5, 
and 7 (or 2, 4, 6, and 8) in an absolute way. Once the oscillo- 
scope has started to trigger on a particular line of a particular 
field, changes of field or line are treated in the usual manner. 
However, it is up to the user to determine the absolute number- 
ing of the chosen field if necessary. A warning message will be 
displayed if the instrument is forced to restart its field synchro- 
nization procedure. (This message is often an indication of 
incorrect parameters in the TV trigger setup menu.) 

B. For each of the characteristics the following remarks apply: 

1) 625/50/2:1 (European style PAL and SECAM systems) 

This setting should be used for most of the standard 
50 field/sec signals. The lines may be selected in the range 
1 to 626 where line 626 is identical to line 1. The lines are 
numbered in the standard way. The required field and num- 
ber of fields must be set appropriately in order to select lines 
with numbers above 313. 

Number of fields = 8 should be very useful for color PAL 
signals. Number of fields = 4 is appropriate for SECAM sig- 
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2) 525/60/2:1 (American style NTSC systems) 

This setting should be used for standard 60 field/sec NTSC 
signals. The lines are selectable in the range 1 to 1050. The 
lines are numbered in the standard way. The desired field 
and number of fields must be set appropriately in order to 
select lines with numbers above 262 or 525. 

Number of fields = 4 should be very useful for American- 
style NTSC systems. 

3) ?/50/?, ?/60/? 

In order to allow maximum flexibility, no line-counting 
conventiion is used. The line count should be thought of as 
a line-synchronizing pulse count, and it includes the transi- 
tions of the equalizing pulses. For certain extreme cases of 
TV signals, the field transition recognition will no longer 
work. In this case, only the ’’any line” mode will be avail- 
able. 

C. The enhanced field-counting capability cannot be used for RIS 
acquisitions. 

D. Composite video signals must have negative-going synch to be 

decoded correctly. 





Ensure that the mains voltage tor your area corresponds to the 
mains voltage set on the 9420/50, i.e. the green peg on the Volt- 
age Selector plate (60) should be set to 115 V or 220 V as 
required, To adapt the oscilloscope to the other voltage, first re- 
move the Dower cable and unscrew the Voltage Selector plate. 



Pull the green voltage board out of its socket using a pair of flat 
pliers, Shift the board left (for 1 15 V) or right (for 220 V) by two 
contacts and plug it back into its socket. Screw the Voltage Selec- 
tor plate back into position. The green peg should now be next to 
the required voltage value. 



fuse protection 



POWER SWITCH (59) 



The power supply of the 9420/50 is protected against short circuits 
and overload by means of two T(slow) 3.15 A/250 V fuses. The 
fuses are located beside the mains plug. 

Remove the power cable before changing or inspecting a fuse. 
Open the fuse box with a small screwdriver by inserting it under the 
plastic cover from the right-hand side (just next to the mains con- 
nector) and prying it open. 

Each fuse is retained by an individual fuse holder. To take a fuse 
holder out, release the retaining latch using the screwdriver, push- 
ing up for the upper holder or down for the lower holder. Slide the 
holder with its fuse out. 

The fuse and its holder are replaced by simply inserting them back 
into the corresponding hole until they are latched into place. They 
can be inserted only if the retaining latch points toward the center 
between the two fuses. Latch the fuse box cover securely into 
place. 



Power for the operation of the instrument is interrupted or estab- 
lished with the Power switch (59). The power is ON when the 
switch is pressed in. and OFF when the switch is not pressed in. 



ACCESSORY POWER 
CONNECTORS (66) 



Two LEMO RA 0304 NYL connectors have been provided to per- 
mit use of FET type probes with the 9420/50. These connectors 
provide output voltages of + 5V,il5V and GND connection 
and are suitable for most FET probes. 

The maximum output current per connector must be limited to 
150 mA for each of the three voltages. 
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The Rear Panel 



GPIB AND RS-232-C PORT 

SELECTION (63) The oscilioscope's rear-panel thumbwheel switches are used to set 

addresses for programmed or remote oscilloscope operation. Ad- 
dresses 0-30 define the 9420/50's address when using the GPIB 
(IEEE-488) port. Any one of the addresses 31-99 selects the 
RS-232-C port. 

Note: The address set on the thumbwheel switch is read by the 
processor when the 9420150 is powered up. This is the address 
which appears in the Auxiliary Setups menu. Each time the ad- 
dress is changed, the oscilloscope should be switched off and on 
again. 



RS-232-C 

CONNECTOR (61) The RS-232-C port (61) can be used for remote oscilloscope op- 

eration, as well as for direct interfacing of the 9420/50 to a digital 
plotter or printer to produce hard copies of displayed waveforms 
and other screen data. 

While a plotter unit is connected to the 9420/50, its RS-232-C 
port can be computer controlled from a host computer via the 
GPIB port. The oscilloscope’s built-in digital plotter and printer 
drivers enable hard copies to be made without an external com- 
puter. 



RS-232-C connector pin assignments: 





Pin # 


Description 


2 


T X D 


Transmitted Data (from the 9420/50) 


3 


R X D 


Received Data (to the 9420/50) 


4 


RTS 


Request To Send (always on) (from the 

9420/50) 


5 


CTS 


Clear To Send (to the 9420/50) 

When TRUE, the 9420/50 can transmit. 
When FALSE, transmission stops. 

Used for 9420/50 output hardware hand 
shake. 


20 


DTR 


Data Terminal Ready (from the 9420/50) 
Always TRUE. 


6 


DSR 


Data Set Ready (to the 9420/50) 


1 


GND 


Protective Ground 


7 


SIG GND 


Signal Ground 


This corresponds to a DTE (Data Terminal Equipment) configura 
tion. 
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ACCESSORY 
CONTROL (62) 

BNC CONNECTORS 



EXTERNAL CK INPUT 



SAMPLING CK OUTPUT 



TRIGGER OUT 



TRIGGER VETO 



This connector is used for factory testing the instrument. 

Four BNC connectors are available on the rear panel of the oscil- 
loscope: 

External CK input (55) 

Sampling CK output (56) 

Trigger out (57) 

Trigger veto (58) 

The external clock input allows waveforms to be sampled with a 
user-defined clock when the oscilloscope is in the “External 
Clock” mode. 

It is a DC-coupled 50 O impedance input. The maximum input 
frequency is 100 MHz for the 9420 and 400 MHz for the 9450. 
The recommended input signal is symmetrical around 0 V with an 
amplitude of ± 400 mV peak (max. ± 1 V peak) . The risetimes 
and failtimes must be less than 10 nsec. 

The sampling clock output delivers a continuous signal at half the 
sampling frequency. During acquisition the signal is sampled at 
each transition of this signal. The output should be terminated on 
50 n to GND. This is a DC coupled, high impedance output which 
generates 0 mA for logic “0” state and - 16 mA for logic 1 
state corresponding to 0 mV and - 800 mV respectively on a 
50 n load. The output amplitude is limited to - 1.4 V for all other 
loads. 

The risetime and falltime are less than 1.5 nsec. 

A negative pulse of variable width is generated when a trigger is 
accepted. This output should be terminated on 50 fl to GND. The 
signal amplitude is 0 mV when quiescent and - 16 mA after a 
trigger has been accepted (or - 800 mV into 50 fi). 

The trigger veto input/output can be used to synchronize the ac- 
quisition of several 9420/50s. It should be connected to a 50 D 
cable terminated at each end by 50 fl to GND. 

The output, at a high state when the 9420/50 is ready for a trigpr, 
goes negative when the instrument is busy, disabling all the oscillo- 
scopes connected to the same veto line. If this line is changed from 
low to high via external control, all the oscilloscopes connected to 
the veto line are simultaneously enabled. 
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The trigger veto is DC-coupled, high impedance. It generates 
2 mA when a trigger can be accepted and -16 mA when the 
9420/50 is busy, that is 50 mV and -400 mV respectively on a 
25 n load. 

The amplitude of the signal is limited to db 1.4 V. The risetime and 
falltime are less than 3 nsec. 

Disabling actions for levels between -300 mV and -1.4 V; ineffec- 
tive for levels between -100 mV and +1.4 V. 

RESET (64) This button is activated by pressing it with a small screwdriver or a 

similar tool, and keeping it pressed in until a buzz sounds. 

A reset is only needed if a catastrophic failure of the instrument’s 
software occurs. In many cases, it is sufficient to turn off the power 
and turn it on again. 

The Reset button not only reboots the instrument (exactly as in 
the power-up sequence) but also clears the internal non-volatile 
RAM. Thus, stored front-panel setups and traces are lost. 
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WAVEFORM ACQUISITION 

Simple Measurements using 
the Probe Calibrator Signal 



Example 1: Auto-setup 



The purpose of this section is to help the user make basic measure- 
ments using the 9420/50 and to provide a concise overview of the 
wide range of measurement capabilities offered by the LeCroy 
9420 and 9450 oscilloscopes. While you may already be familiar 
with traditional oscilloscope operation, this outline will help to ac- 
quaint you with the many powerful features of these oscilloscopes. 

In the following section we have sometimes chosen to set all acqui- 
sition parameters from the Panel Status menu; however, it is not 
necessary to be in this menu to change the front-panel settings. In 
most cases, the Abridged Front-panel Status field (Vil) will pro- 
vide all the necessary information. 



Switching on the 9420/50 

1) Connect the oscilloscope to the mains using the cable pro- 
vided. 

2) Press the Power switch on the rear panel to swatch the oscil- 
loscope on. Notice that when the instrument is switched on, 
the 9420/50 is in the root menu, i.e. the Menu field (II) is 
blank apart from the option Main Menu next to button (2) . 



Connecting the Probe Calibrator Signal 

1) Connect the P9020 probe connector to Channel 1 input 
(25). 

2) Connect the probe’s grounding clip to lug (23) and touch the 
tip to lug (22). 

3) Set the Channel 1 Coupling to AC 1 MH or DC 1 MO. 

4) Set Channel 1. trace to ON and switch ail the other traces 
off, buttons (50) to (53). 

Auto-setup 

5) Press Auto-setup, button (21). The Auto-setup button 
automatically scales the time-base, trigger and sensitivity set- 
tings to provide a stable display. 




Auto-setup 

You can use the auto-setup facility for repetitive 
signals if; 

* 2 mV < amplitude < 8 V 
« Frequency > 50 Hz 

• Duty cycle > 0.1% 



We will now repeat the same recording of the probe calibrator 
signal except that this time the oscilloscope will be set manually. 



1) Connect the P9020 probe connector to the Channel 1 input 
(25). 

2) Connect the probe’s grounding clip to lug (23) and touch the 
tip to lug (22) . 

Selecting a channel 

3) Use buttons (50) to (53) to set Channel 1 on and all the 
other traces off. 

4) Use the Mode button (28) to set the oscilloscope to Single 
and Status Trig’d. 

5) Set Channel 1 Coupling to DC 1 MD (24). 

Entering the Panel Status menu 

6) The 9420/50 is in the root menu when it has just been 
switched on. Press Main Menu, button (2). 

7) Press Panel Status, button (2). 

Adjusting the vertical parameters 

8) Set Channel 1 Fixed V/Div to 10 mV/div (29). 

9) Adjust the Channel 1 vernier (30) to get a Total V/div of 
13.0 mV. 

10) Set Channel 1 Offset to -50 mV (34). 

11) Set BW Limit to OFF (54). 
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Setting the time base 

12) Set Time/Division control (41) to 0.5 msec. Note that at 
this time-base setting, Interleaved Sampling (RIS) is OFF. 

Adjusting the trigger 

13) Select Trigger Delay using button (39). Adjust the pretrig- 
ger delay to 20.0% using the Adjust knob (37). 

14) Select Trigger Level using button (39). Adjust the trigger 
level to 0 mV using the Adjust knob (37) or the Zero but- 
ton (38). 

15) Set the Trigger Coupling to AC (32). 

16) Set the Trigger Source to CHAN 1 (26). 

17) Set the Trigger Slope to POS (31). 

18) Set the Trigger Mode to AUTO (28). 

Miscellaneous 

19) Return to the Main Menu by pressing the Return button 

( 10 ). 

20) Set Dual Grid mode to OFF (14). 

The resulting display is shown in Figure 62. 
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The Dual Grid 



Dual grid makes the screen very easy to read when you 
have several traces: 

Channel 1 is always in the upper grid 

Channel 2 is always in the lower grid 

Use the Select button and the Vertical Position knob to 
place any other traces in the most convenient grid. 
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Example 3: How to Check 

the Probe Calibrator The P9020 probe has a XlO attenuation factor. Thus, the 1 V, 

1 kHz output calibration signal is displayed with a total amplitude 
of approximately 7.7 divisions at a Total V/div setting of 130 mV. 
If there is over- or under-shoot, adjust the probe compensation 
trimmer, located on the barrel of the P9020, for a clean square 
wave contour. For further adjustments of the probe, consult the 
probe manual. 



Signal Acquisition Summary 
Connect the signal 
Select an acquisition channel 
(Enter the Panel Status menu) 
Adjust the vertical parameters 
Adjust the time base 
Adjust the trigger 
(Miscellaneous) 
or 

(for repetitive waveforms only) 

Connect the signal 

Select the signal coupling 

Select a channel 

Press Auto-setup 

Adjust 



Below are some further examples of setting up the 9420/50 for 
various types of signals. 



Example 4: 

Random Interleaved Sampling 
for Fast Repetitive Signals 

(Period 10 to 100 nsec) Connecting the signal 

1) Connect a fast pulse generator providing an output signal 
whose period is between 10 and 100 nsec (i.e. frequency 
between 10 and 100 MHz) to the Channel 2 BNC input 
(25). 
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Selecting a channel 

2) Set Channel 2 on and all other traces off, buttons (50) to 
(53). 

3) Set Channel 2 Coupling to DC 50 0 . (24). 

4) Press Auto-setup (21). 

5) Set Bandwidth Limit to OFF (54). 

Adjusting the time base 

6) Set the Time/Division control (41) to 20 nsec/div . Notice 
that at this setting Interleaved Sampling (RIS) is ON. 

Adjusting the trigger 

7) Select Trigger Delay using button (39). Use the Adjust 
knob (37) to set the pretrigger delay so that the vertical ar- 
row is four divisions to the right of the lower left edge of the 
grid. 

Miscellaneous 



8) Set Dual Grid mode to OFF (14). 
A typical display is shown in Figure 63. 





Example 5: 

Single-shot Acquisitions 

(Pulse 100 nsec Wide) Connecting the signal 

1) Connect the signal from a pulse generator to the Channel 1 
BNC input (25). The pulse generator should be free-run- 
ning during the initial setting up of the 9420/50. It must be 
set to provide a pulse 100 nsec wide with an amplitude of 
your choice. 

Selecting an acquisition channel 

2) Set Channel 1 to ON and all the other traces off (50) to 
(53). 

3) Set Channel 1 Coupling to 50 Cl DC (24). 
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Entering the Pane! Status Menu 

4) tn the main menu press Panel Status, button (2). 
Adjusting the voltage sensitivity 

5) Set Channel 1 Fixed V/DIv as appropriate (29), i.e. to 
match the generator signal amplitude. 

6) Adjust the Channel 1 VAR vernier (30) if necessary to 
match the generator. 



7) Set the Time/Division control (41) to 20 nsec/div. 

8) Set Interleaved Sampling to OFF (40). 

Adjusting the trigger 

9) Select Trigger Delay using button (39) . Set the pre-trigger 
delay to 10% using the Adjust knob (37). 

10) Select Trigger Level using button (39). Set the trigger level 
to an appropriate level using the Adjust knob (37). 

11) Set the Trigger Coupling to AC (32). 

12) Set Trigger Source to CHANl (26) . 

13) Set Trigger Slope to POS (31). 

14) Arm the trigger by setting the Trigger Mode (28) to Single. 



15) Set the Channel 1 Offset to suit the input signal (34). 

16) Set the Bandwidth Limit to OFF (54). 

17) Return to the Main Menu by pressing the Return button 

( 10 ). 

18) Set Dual Grid mode to OFF (14). 

19) When you see the signal on the screen put the generator in 
external or manual trigger so that it is no longer free-run- 
ning. Set Trigger Mode (28) to Single on the oscilloscope 
and trigger the signal source. 

A typical display is shown in Figure 64. 
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13-S«p-88 
17: 11; 14 




GENERATOR SIGNAL: PULSE WIDTH 100 nsec 

Figure 64 



Example 6: 

Roll Mode for Slow Signals 

(1 Hz Sine Wave) Connecting the signal 

1) Connect a 1 Hz signal source to the Channel 2 BNC input 
connector (25) with an amplitude and offset of your choice. 

Select an acquisition channel 

2) Switch Channel 2 on and all the other traces off using but- 
tons (50) to (53). 

3) Set Channel 2 Coupling (24) to DC 1 MH. 

Entering the Panel Status Menu 

4) In the main menu press Panel Status, button (2). 
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Example 7: 

Sequence Mode for 
Segmenting Memories 
into 5 Segments 



Adjusting the voltage sensitivity 

5) Set the Channel 2 voltage sensitivity to suit the signal (29) . 
Adjusting the time base 

6) Set the Time Base to 1 sec/div (41), 

Adjusting the trigger 

7) Use button (39) to select Trigger Delay. Turn the Adjust 
knob (37) until the pretrigger delay is set to 50%. 

8) Select Trigger Level using button (39). Use the Adjust 
knob (37) to set the trigger level to an appropriate level. 

9) Set the Trigger Slope to POS (31). 

10) Set the Trigger Mode to NORM (28). 

11) Set the Trigger Source to CHAN2 (26). 



12) Adjust Channel 2 Offset to suit your signal (34). 

13) Press Return button (10) to return to the Main Menu. 

14) Set Dua! Grid mode to OFF (14). 

Resulting Display: A sine wave signal will be displayed, rolling from 
right to left across the screen. The display can be halted by press- 
ing the Single button (28) when in Norm trigger mode. It also 
pauses at the end of an acquisition for which a trigger was received. 



Sequence mode is used for sequential recording of single events in 
segmented memory. 

Connecting the signal 

1) Connect the signal from a pulse generator to the Channel 1 
BNC input (25). For the purpose of this exercise set the 
pulse generator so that it is free-running while you set up the 
oscilloscope. It must be set to provide a pulse around 
200 nsec wide with an amplitude of your choice. 

Selecting an acquisition channel 

2) Switch Channel 1 on and switch all the other traces off, us- 
ing buttons (50) to (53). 

3) Set Channel 1 Coupling to DC 50 (24). 



140 




Getting Started 



Entering the Panel Status Menu 

4) In the main menu, press Pane! Status, button (2). 

Adjusting the voltage sensitivity 

5) Set Channel 1 Fixed V/Div as appropriate (29), i.e. to 
match the generator ,signal amplitude, 

6) Adjust Channel 1 VAR vernier (30) if necessary to match 
the generator. 

Adjusting the time base 

7) Set the Time/Division control (41) to 50 nsec/div. 

8) Set Interleaved Sampling to Off (40). 

Adjusting the trigger 

9) Select Trigger Delay using button (39). Set the pretrigger 
delay to 20.0% using the Adjust knob (37). 

10) Select Trigger Level using button (39) . Set the trigger level 
to 0 V using the Adjust knob (37). 

11) Set the Trigger Coupling to DC (32). 

12) Set Trigger Source to CHANl (26). 

13) Set Trigger Slope to POS (31). 

14) Select Seqnce trigger mode (28). 



15) Press Modify # Segments button (6) as often as necessary to 
display the value 5 in the # Segments for Seqnce line. 

Miscellaneous 

16) Set the Channel 1 Offset to suit the input signal (34). 

17) Set the Bandwidth Limit to OFF (54). 

18) Return to the Main Menu by pressing the Return button 

( 10 ). 

19) Set Dual Grid mode to ON (14). 

20) When you see the signal on the screen, put the generator in 
external or manual trigger so that it is no longer free-run- 
ning. Set the Trigger Mode (28) to Seqnce on the 
oscilloscope. Now actuate the generator’s external trigger a 
total of 5 times to generate 5 signals to be recorded. 
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At this point a compacted trace of 5 segments is displayed in the 
upper grid. Trace expansions Expand A and Expand B may be 
used to display details of one or two selected segments. Waveform 
expansion is fully explained later in this chapter. The display re- 
sulting from this example is shown in Figure 65. 



Sequence Mode for 

10 Segments To make a sequential recording of 10 single events, you need only 

modify the value displayed in the # Segments For Seqnce line of 
the Panel Status menu by pressing Modify # Segments button (6) 
until the value 10 appears in the # Segments For Seqnce line. 

Keeping all other settings as above, generate 10 triggers. The re- 
sulting display, shown in Figure 66, shows the same waveform. 
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SAVING AND RECALLING 
FRONT-PANEL SETUPS 



Saving Front-panel Setups 




Entering the Save menu 

1) Choose a front-panel setup to save. You can, for example 
decide to save one of the front-panel setups used above. 

2) Press Main Menu, button (2), in the root menu. 

3) Press the Save Panel (4) button. 

Saving the setup 

4) At this point the listing of seven possible front-panel storage 
locations appears in the Menu field. Press the button adja- 
cent to the storage location you would like to use, e.g. 
Panel 1. The complete front-panel settings are now stored. 

5) Change some of the front-panel settings and follow the pro- 
cedure outlined in steps 1 through 4 to store the new setup in 
Panel 2. 



Entering the Recall menu 

1) Press Main Menu, button (2), in the root menu. 

2) Press the Recall Panel (5) button. 



3) At this point a list of the seven front-panel storage locations 
appears in the Menu field. The used locations are indicated 
with the word “from” followed by the date at which the 
front 7 panel setup was saved. The word “Empty” appears be- 
side locations which have not yet been used. 

Press button (2) which is adjacent to the Panel 1 storage 
location. The front-panel setup is now recalled. 

4) Pressing button (3) in the Recall Setup menu will recall the 
second setup. 
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STORING AND RECALLING 

WAVEFORMS 

Storing Waveforms 

Example: Storing Chan 1 

Into Memory C Entering the Store Menu 

1) Acquire a waveform on Channel 1 in the Single trigger 
mode. 

2) Press Store, button (1), to cal! up the Store Trace menu. 

Choosing a waveform to store 

3) A new menu appears offering the possibility of storing any of 
the sources, Exp A, Exp B, Func E, Func F, Chan 1 or 
Chan 2. Press button (6) which corresponds to Chan 1. 

Storing the waveform 

4) The 9420/50 offers you the choice of storing Chan 1 into 
Mem C or Mem D. Press button (2) which corresponds to 
Mem C. You have now stored Channel 1 into Mmemory C. 

Recalling Waveforms 



Example: Recalling 

Memory C 1) Set Memory C to ON. The waveform you stored will appear on 

the screen. If Channel 1 is still on you will see only one 
waveform. To see both Channel 1 and Memory C turn the Po- 
sition knob (44) slightly. 

2) Recall Memory D in the same way. 

The Store Trace menu also allows the user to store any other trace, 
including processed or expanded waveforms, into Memory C or D. 
The procedure outlined above enables two independent wave- 
forms to be simultaneously stored and recalled for display. Calling 
the Memory Status menu (button (3) in the Main Menu) enables 
the user to inspect some of the parameters of the waveform. 
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Accessing the 
Memory Status Menu 



WAVEFORM EXPANSION 

Example 1: Expanding 
One Waveform (Expand A) 



The Panel Status and Memory Status displays 


Panel Status: 


Chan 1 and 2 only 




displays the acquisition parameters 
for the next acquisition 


Memory Status: 


All traces 




displays the parameters for traces al- 
ready acquired and stored 



1) In the Main menu, press Memory Status button (3). The 
Memory Status for the last trace inspected in the Memory Sta- 
tus menu is displayed. 

2) You can read the Memory Status of any trace. There are two 
possibilities: 

a) Use Previous and Next Trace, buttons (2) and (3). 

b) Use the Reference knob (42). 



Acquiring a signal 

1) Acquire a signal on Channel 1. 

2) Set Dual Grid, button (14) to ON. 

Choosing an Expand function 

3) Press Expand A (50). 

Choosing the waveform to expand 

4) If the source for signal expansion shown in the Displayed 
Trace field (VIII) is not X Chan 1, you must perform the 
following procedure to redefine the expansion signal source 
as Channel 1. 

a) Press the Redefine button (48) to display the Redefine 
Source menu in the Menu field (II). 

b) Press button (6) to redefine Channel 1 as the new source 
for the expanded (X Chan 1) display. 
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Choosing a magnification factor 

5) At this point the source for Expand A in the Displayed Trace 
field (VIII) is updated to X Chan 1 and all or a portion of the 
Channel 1 trace is intensified. 

6) Turn the Time Magnifier control (47) to adjust the magnifi- 
cation factor (length of the intensified section) to cover the 
area of interest. 

Note that if you turn the Time Magnifier knob clockwise 
several times the signal will be expanded so much that inter- 
polation between data points will occur. The actual data 
points will be highlighted and joined by straight lines. 

Choosing a region of interest 

7) Displace the intensified section by adjusting Horizontal Po- 
sition control (43). 

(Moving the expanded waveform) 

8) You can position the expanded trace in lower grid by adjust- 
ing the Vertical Position control (44). 



9) You can also adjust the Vert Gain control (46) to change 
the vertical magnification if^required. 



Example 2: Expanding a 
Second Region of a 

Waveform (Expand B) To use Expand B follow the same procedure as above, except that 

in Step 3 the Expand B button (50) is pressed rather than the 
Expand A button. You will probably need to redefine the source 
of Expand B. 

For independent control of Expand A and B, make sure that Dual 
Zoom mode is OFF. Press the return button (10) until the root 
menu is displayed and then press button (5) to switch the Dual 
Zoom mode OFF. 
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Example 3: Dual Zoom 
on One Waveform 



Summary: Expanding a waveform 
Acquire a signal 
Choose an Expand function 
Choose the waveform to expand 
Choose a magnification factor 
Choose a region of interest 
(Move the expanded waveform) 
(Change the Vertical Gain) 



Acquiring signals 

1) Use buttons (50) to (53) to switch Channel 1 on and all 
other traces off. 

2) Acquire a signal on Channel 1. 

3) Set Dual Grid, button (14) OFF. 

4) Press the Return button (10) until the root menu is dis- 
played (i.e. the only option available in the Menu field (II) is 
Main Menu). 



Switching on the Expand functions 

5) Switch Expand A and Expand B on (50). Notice two spe- 
cial features: 

a) There is a highlighting frame around both expansions in 
the Displayed Trace field (VIII). One of the highlighting 
frames is made of dashed lines and the other of solid 
lines. The expansion function in the solid frame is the 
currently selected trace. 

b) Dual Zoom On appears in the Menu field (II). 

Note: If this is not the case, press button (5) to switch on the 
dual zoom expansion feature. 

Choosing the waveforms to expand 

6) If the sources for signal expansion shown in the Displayed 
Trace field (VIII) are not X Chan 1 and X Chan 1, redefine 
the expansion signal sources to Channel 1 and Channel 1 
using the redefine button as follows: 
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a) Use Select, button (49), to place the solid highlighting 
frame around the expansion function which is not set as 
you require. 

b) Press the Redefine button (48) to display the Redefine 
Source menu in the Menu field (II). 

c) Press the button corresponding to the required source for 
the expansion. 

Choosing a magnification factor 

7) At this point the sources for Expand A and Expand B are 
shown in the Displayed Trace field (VIII) as X Chan 1 and 
X Chan 1 and two portions of Channel 1 are intensified. 

Note: If you don’t see two intensified portions on the trace of 
Channel 1, it is because the two intensified areas are touch- 
ing each other. 

8) Turn the Time Magnifier knob (47) to adjust the magnifi- 
cation factor (length of the intensified section) to cover the 
area of interest. 

Notice that when you turn the Time Magnifier knob the two ex- 
panded portions of the waveform change their magnification 
factors simultaneously. 



Choosing a region of interest 

9) Displace the intensified section by adjusting Horizontal Po- 
sition control (43). 

Notice that the Horizontal Position knob operates simultaneously 
on both expanded portions of the waveform. 

(Changing the Vertical Gain) 

10) You can also adjust the Vert Gain control (46) to change 
the vertical magnification if required. 



Example 4: Expanding Two 

Waveforms Simultaneously 

Dual Zoom Expansion ON Acquiring signals 

1) Use buttons (50) to (53) to switch Channels 1 and 2 on and 
all other traces off. 

2) Acquire signals on Channels 1 and 2. 

3) Set Dual Grid, button (14) ON. 
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4) Press the Return button (10) until the root menu is dis- 
played (i.e. the only option available in the Menu field (If) is 
Main Menu. 

Switching on the Expand functions 

5) Switch Expand A and Expand B on (50). Notice two spe- 
cial features: 

a) There is a highlighting frame around both expansions in 
the Displayed Trace field (VIII) . One of the highlighting 
frames is made of dashed lines and the other of solid 
lines. The expansion function in the solid frame is the 
currently selected trace. 

b) Dual Zoom On appears in the Menu field (II). 

Note: If this is not the case, press button (5) to switch on the 
dual zoom expansion feature. 



6) If the sources for signal expansion shown in the Displayed 
Trace field (VIII) are not X Chan 1 and X Chan 2, redefine 
the expansion signal sources to Channel 1 and Channel 2 
using the redefine button as follows: 

a) Use Select, button (49), to place the solid highlighting 
frame around the expansion function which is not set as 
you require. 

b) Press the Redefine button (48) to display the Redefine 
Source menu in the Menu field (II) . 

c) Press the button corresponding to the required source for 
the expansion. 

Choosing a magnification factor 

7) At this point the sources for Expand A and Expand B are 
shown in the Displayed Trace field (VIII) as X Chan 1 and X 
Chan 2 and all or a portion of Channels 1 and 2 are intensi- 
fied. 

8) Turn the Time Magnifier knob (47) to adjust the magnifi- 
cation factor (length of the intensified section) to cover the 
area of interest. 

Notice that when you turn the Time Magnifier knob the magnifi- 
cation factor changes simultaneously on both Expand A and B. 
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Choosing a region of interest 

9) Displace the intensified section by adjusting Horizontal Po- 
sition control (43). 

Notice that the Horizonta! Position knob also operates si- 
multaneously on both Expand A and B. 

(Moving the expanded waveform) 

10) Position Expand A in the upper grid by selecting it and using 
the Vertical Position knob (44). 

11) Position Expand B in the lower grid by selecting it and using 
the Vertical Position knob (44). 



12) You can also adjust the Vert Gain control (46) to change 
the vertical magnification if required. 



Example 5: Dual Zoom 

Expansion OFF Acquiring signals 

1) Use buttons (50) to (53) to switch Channels 1 and 2 on and 
all other traces off. 

2) Acquire signals on Channels 1 and 2. 

3) Set Dual Grid, button (14) ON. 

4) Press the Return button (10) until the root menu is dis- 
played (i.e. the only option available in the Menu field (II) is 

Main Menu). 



Switching on the Expand functions 

5) Switch Expand A and Expand B on (50). If dual zoom is 
on: 

a) There is a highlighting frame around both expansions in 
the Displayed Trace field (VIII). One of the highlighting 
frames is made of dashed lines and the other of solid 
lines. The expansion function in the solid frame is the 
currently selected trace. 

b) Dual Zoom On appears in the Menu field (II). 

Switching Dual Zoom off 

6) Press button (5) which corresponds to Dual Zoom On in the 
Menu field (II). Dual Zoom Off is now indicated and the 
dual zoom feature is no longer in operation. 
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Notice that only one of the expansion functions is surrounded by a 
select frame. 

Choosing the waveforms to expand 

7) If the sources for signal expansion shown in the Displayed 
Trace field (VIII) are not X Chan 1 and X Chan 2, redefine 
the expansion signal sources to Channel 1 and Channel 2 
using the redefine button as follows: 

a) Use Select, button (49), to place the highlighting frame 
around the expansion function which is not set as you 
require. 

b) Press the Redefine button (48) to display the Redefine 
Source menu in the Menu field (II) . 

c) Press the button corresponding to the required source for 
the expansion. 

Choosing a magnification factor 

8) At this point the sources for Expand A and Expand B are 
shown in the Displayed Trace field (VIII) as X-Chan 1 X- 
Chan 2 and all or a portion of Channels 1 and 2 are 
intensified. 

9) Turn the Time Magnifier knob (47) to adjust the magnifi- 
cation factor (length of the intensified section) to cover the 
area of interest. 

Now when you turn the Time Magnifier knob the magnifi- 
cation factor changes only for the selected expansion 
function. 

Choosing a region of interest 

10) Displace the intensified section by adjusting Horizontal Po- 
sition control (43). 

Notice that the Horizontal Position knob only operates on the 
selected expansion function. 

(Moving the expanded waveform) 

1 1) Position Expand A in the upper grid by selecting it and using 
the Vertical Position knob (44). 

12) Position Expand B in the lower grid by selecting it and using 
the Vertical Position knob (44). 
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WAVEFORM PROCESSING 

Arithmetic 

Example 1: Addition 
of Channels 1 and 2 



Example 2: Negation 
of Channel 1 



(Changing the Vertical Gain) 

13) You can also adjust the Vert Gain control (46) to change 
the vertical magnification if required. 



Acquire the signals for processing 

1) Acquire signals on Channels 1 and 2. 

2) Switch Channels 1 and 2 and Function E on. Switch ail the 
other traces off, buttons (50) to (53). 

Select a trace and redefine it 

3) Press the Select button until the highlighting frame appears 
around Function E in the Displayed Trace field (VIII) . Press 
the Redefine button (48) to call up the menu for Function 
E. 



4) Use the Previous Field and Next Field buttons, (2) and 
(3), or the Reference knob (42) to select the Class field. 

5) Use the Previous Value and Next Value buttons, (4) and 
(5) , or the Difference knob (42) to set class to Arithmetic. 

6) Select Type and set it to Addition. 

7) Set Max Number Of Points to 500. 

8) Set Source 1 to Channel 1. 

9) Set Source 2 to Channel 2. 

10) Press the Return button (10) to display the grid. 



Acquire a signal to process 

1) Acquire a signal on Channel 1. 

2) Switch Channel 1 and Function F on. Switch all the other 
traces off, buttons (50) to (53). 

Select a trace and redefine it 

3) Press the Select button until the highlighting frame appears 
around Function F in the Displayed Trace Field (VIII). 
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Example 3: 
Summed Averaging 



Press the Redefine button (48) to call up the menu for 
Function F. 

Set the required function 

4) Use the Previous Field and Next Field buttons, (2) and 
(3), or the Reference knob (42) to select the Class field. 

5) Use the Previous Value and Next Value buttons, (4) and 
(5), or the Difference knob (42) to set class to Arithmetic. 

6) Select Type and set it to Negation. 

7) Set Max Number Of Points as required. 

8) Set Source to Channel 1. 

9) Press the Return button to display the grid. 



Acquire a signal to process 

1) Acquire a repetitive signal on Channel 2, using normal trig- 
ger mode. 

2) Switch Channel 2 and Function F on. Switch all the other 
traces off, buttons (50) to (53). 



3) Press the Select button until the highlighting frame appears 
around Function F in the Displayed Trace field (VIII) . Press 
the Redefine button (48) to call up the menu for Function 

F. 



4) Use the Previous Field and Next Field buttons, (2) and 
(3), or the Reference knob (42) to select the Class field. 

5) Use the Previous Value and Next Value buttons, (4) and 
(5), or the Difference knob (42) to set class to Average. 

6) Set Max Number Of Points as required. 

7) Set Source to Channel 2, 

8) Set Max number of sweeps as required. 

9) Press the Return button (10) to display the grid. 
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Summary: Waveform Processing 

Sources: Channels 1 and 2 

Functions: Summed averaging 

Arithmetic- Identity 
Negation 
Addition 
Subtraction 

Procedure 
Acquire the signal (s) 

Select and redefine Function E or F 
Set the required function 
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The purpose of this section is to offer some functional hints that 
will ensure the best possible operation of the instrument. 



RAPID RESPONSE 

OF THE FRONT-PANEL 

CONTROLS All the front-panel controls can be fully controlled remotely and 

are constantly monitored by the 9420/50's internal processor. Any 
action performed on the front panel is detected by the processor 
and the requested changes are implemented very rapidly. 

During data acquisition (measurement of input signals), the inter- 
nal processor is also busy with the data-taking controls, 
calculations and display generation. Under certain conditions, 
(e.g. RIS mode or slow time base) , the response time of the front- 
panel controls increases. For example, when the user tries to move 
a trace up or down on the screen, it tends to move with a jumping 
motion. 

Whenever slow response to the control knobs is noticed, set the 
trigger mode to SINGLE. Acquisition is stopped, the display of the 
waveform is frozen and the response time of control knobs returns 
to normal. Once the waveform manipulations have been done, 
return to Normal or Auto trigger. 



ACCURATE AMPLITUDE 

MEASUREMENTS The 9420/50’s digitizers are 8-bit, analog-to-digital converters 

that measure the amplitude of input signals by subdividing them 
into 256 levels. 

You can ensure maximum measurement accuracy by using the full 
dynamic range of the converters, i.e. using input signals close to 
full scale. Half-scale signals are in 128 levels only, reducing meas- 
urement accuracy by a factor of two. 

To facilitate the adjustment of a full-scale ADC signal, the oscillo- 
scope’s display has been designed to represent the minimum level 
of the ADC as the bottom line of the grid. The maximum level is 
represented by the top line of the grid. 

To make the best use of the ADC’s dynamic range, and thereby 
achieve the most accurate amplitude measurements, the signal 
should completely fill the display grid as shown in Figure 67. The 
fully calibrated and continuously adjustable input-signal condi- 
tioning permits you to meet this requirement easily and without 
loss of calibration. 
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As an overlapping display of two full scale waveforms could be- 
come quite confusing, the 9420/50 provides a dual grid option to 
be used in applications where both channels are used simultane- 
ously. 



ACCURATE TIME 

MEASUREMENTS Two deep acquisition memories, each storing up to 50,000 points, 

provide the unprecedented time resolution of the 9420/50. 

These points are displayed on the screen with a resolution of 500 
display points. A compacting algorithm showing all minimum and 
maximum values ensures that no information is lost when a trace is 
displayed (see Figure 68). Time cursors can be positioned accu- 
rately on any one of the 500 display points of a compacted trace. 
The corresponding measurement accuracy is 1/500 or 0.2% of the 
time-base setting. 
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To improve measurement accuracy, two expansion functions, Ex- 
pand A and Expand B are provided to display every digitized 
point trace. Expansion up to 1000 times is possible. When the 
expansion factor is such that 500 measured points are to be dis- 
played, every display point corresponds to a digitized point. 

When the time base requires that less than 500 digitized points fill 
the screen, the oscilloscope interpolates using straight line seg- 
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raents between the actual points. If 200 or less points are used, the 
digitized points are clearly visible as intensified points on the dis- 
play. When a cursor is placed on an actual measured point, a small 
horizontal bar appears on the cursor as follows: 

Time cursor: ^ 

Cross-hair marker: 

In Figure 69 the compacted trace of a 50000 point waveform is 
expanded by a factor of 1000 with Expand A and B to provide 
maximum time measurement accuracy. Under these conditions, 
each expanded trace displays 50 digitized points. Using these data 
points the time measurement resolution is 1/50000 = 0.002% of 
the original time-base setting. If the linear interpolation is appro- 
priate, the accuracy can be increased by a factor of 10. 
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AUTO-CALIBRATION The 9420/50 calibrates its time interpolator relative to the internal 

100 MHz crystal-controlled clock generator every time the time 
base is modified by front-panel operation or by remote control. 

The vertical gain and offset of an input channel are calibrated by 
means of a very stable internal 12-bit digital-to-analog converter 
every time the fbced gain control of this channel is modified. Cali- 
bration of both channels also takes place whenever the bandwidth 
limit is changed. 

These calibrations are necessary largely because of drifts caused by 
temperature changes which could arise if the oscilloscope is left in 
the same state for a very long time. To avoid measurement errors 
due to potential drifts, the 9420/50 regularly performs an auto- 
calibration. This operation is transparent to the user, but is audible 
due to relay switching. Note that auto-calibration does not occur 
when the oscilloscope is waiting for a trigger or actually acquiring 
data. It only occurs before a new acquisition is started. 

In remote control, it is possible to issue a command to turn off all 
auto-calibration. Such a command can be sent at any time. 
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The WPOi Waveform Processing Option adds enhanced process- 
ing capabilities to the standard oscilloscope functions described 
in Section 6. The package provides five classes of operation: 

Average: Summed and Continuous. 

Arithmetic: Identity, Negation, Reciprocal, Addition, 

Subtraction, Multiplication and Ratio. 

Extrema: Roof for maxima. Floor for minima, Roof 

and Floor for maxima and minima. 

Integral, Derivative, Square, Square 
Root, Logarithm e. Exponential e. Loga- 
rithm 10, Exponential 10 and Absolute. 

A digital filtering technique to improve 
signal-to-noise ratio and improve verti- 
cal resolution. 

This section describes the WPOI option. The remote commands 
for the control of WPOI processing as well as waveform transfer 
to and from a host computer are listed in the Remote Control 
Manual. 



Functions: 

Enhanced Resolution: 



Processing can be performed on any source waveform (Channels 1 
and 2, Expand A and B, Memory C and D, Functions E and F) 
and may be activated by pressing Function buttons E or F (52) . 
Waveform processing is automatic as long as a function trace (or 
an expansion of a function) is switched ON., Using both Functions 
E and F enables simultaneous computation of two different pro- 
cessing routines. 

The display control knobs ((44) and (46)) may be used to adjust 
the vertical position and vertical gain of a selected function. Func- 
tions may also be expanded horizontally by redefining the source 
waveform of the Expand A and B traces. 

Processed waveforms can be read by remote control, stored in 
reference memories, expanded or processed in the other func- 
tions. Chaining of operations is also possible. 

Waveform processing can take an appreciable execution time 
when operating on many data points. The user can reduce the 
execution time by limiting the Max Number of Points which is 
used in the computation. However, users should be aware that 
reducing the number of processed points effectively reduces the 
sampling rate of the input record and the corresponding Nyquist 
frequency and may lead to aliasing. 

The oscilloscope executes the waveform processing function on 
the entire waveform (as displayed on the screen) by taking every 
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Nth point, N depending on the time base and the Max Number 
Of Points selected. The first point of such a reduced record is 
the first valid point of the input record, usually the point on the 
left-hand edge of the screen. 

The user can modify a processing definition either from a front- 
panel menu, which may be called by pressing the Redefine button 
(48), or through remote commands. 

If the user has set up a circular definition (e.g. FE = func(FF) 
and FF = func(FE), a warning message is displayed and no pro- 
cessing is applied to the waveforms. 

Setting Up a Waveform 

Processing Function It is generally good practice to stop data acquisition while prepar- 

ing new conditions for waveform processing (by setting the trigger 
mode (28) to Single) because the response time might be slow for 
some function setups. To access the function menus, use the Se- 
lect button (49) to make sure that the function is selected (i.e. is 
surrounded by a solid box in the Displayed Trace Field (VIII)), 
and then press Redefine (48) . A full page setup menu will appear 
on the screen. To return to the normal waveform display, press 
either the “Return” button (10) or the Redefine (48) button. 
In the function menu, the function and its parameters may be mo- 
dified with buttons (2) to (5). First select the field to be modified. 
The rectangular frame around parameter values indicates the cur- 
rently selected field. Pressing the Previous Field button (2) will 
cause the frame to move towards the top of the list, whereas press- 
ing the Next Field button (3) will cause the frame to move 
downwards. As an alternative, the Reference knob (42) may be 
used to rapidly move through the fields. 

After field selection, the current value of the field may be modi- 
fied by pressing either the Previous or Next Value button ((4) 
or (5)) or using the Difference knob (42). Since the identity of 
the lower fields may depend on the function chosen, modify the 
parameters from top to bottom. 

SUMMED AVERAGE Summed averaging consists of the repeated addition, with equal 

weight, of successive source waveform records. If a stable trigger is 
available, the resulting average has a reduced random noise com- 
ponent, compared with a single-shot record. Whenever the 
maximum number of sweeps is reached, the averaging process 
stops. The process may be interrupted by switching the trigger 
mode from Norm to Single (28) or by turning the function trace 
OFF (52). Averaging will continue when these actions are re- 
versed. 

The accumulated average may be reset by changing an acquisition 
parameter, such as input gain, offset or coupling, trigger condition, 
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time base or bandwidth limit. The number of currently averaged 
waveforms (of the function or of its expansion) is displayed in the 
Displayed Trace field (VIII). 

Whenever the maximum number of sweeps is reached, a larger 
number of sweeps may be accumulated by simply changing the 
maximum number of sweeps in the setup menu. In this case care 
must be taken to leave the other parameters unchanged, otherwise 
a new averaging calculation is started. 

A waveform to be added to the average may contain overflow or 
underflow values (corresponding to the saturation levels of the 
ADC). By using artifact rejection, the user may choose whether 
to reject or accept these waveforms. 

If Artifact Rejection is OFF, the waveform is added to the aver- 
age. Of course, the average will be incorrect at the positions where 
overflow or underflow occurred. 

If Artifact Rejection is ON, waveforms containing any overflows 
or underflows are not added to the average. If waveforms consis- 
tently contain overflows or underflows, averaging cannot proceed 
and the number of accumulated sweeps may remain constant in- 
definitely. 

In order to further improve the signal-to-noise ratio, the instru- 
ment offers the possibility of performing offset dithering. When 
Dithering is turned ON, a small hardware offset, of between +6 
and -6 LSB of the 8-bit ADC (about 1/5 vertical division) is add- 
ed to the input signal before acquiring a waveform. The offset is 
changed for successive waveforms, and the average of the offsets 
tends to zero. Because dithering makes each successive waveform 
use a slightly different portion of the ADC, the differential non-li- 
nearities of the ADC also tend to be averaged out. Care must be 
taken that the amplitude of the waveform does not fall within 1/5 
of a vertical division from the top and the bottom of the display 
grid since overflows or underflows might occur. When dithering, 
the channel waveforms are compensated for the dither offset so 
that the waveform values, as read out by remote control or by cur- 
sor measurements, remain unaffected. 

Offset dithering is mainly of interest when the waveform to be av- 
eraged is already relatively “clean”, i.e. contains noise variations 
of less than 1/5 division. In such a case, differential non-linearities 
can be reduced by up to a factor of 4. In contrast, waveforms 
which have high levels of noise (>l/5 of a vertical division) do 
their own “dithering”, making artificial offset variations super- 
fluous. 
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When summed averaging is turned on, the display is updated at 
a reduced rate (about once every 1.5 sec), to increase the averag- 
ing speed (points per second and events per second). 

Before processing, the source waveform may be decimated by a 
factor depending on the selected Max Number of Points and the 
source record number of points. The resulting number of points 
is displayed at the bottom of the function menu. An example of 
the function menu for summed averaging is shown in Figure 70. 




CONTINUOUS AVERAGE Continuous averaging (also called exponential averaging) consists 

of the repeated addition, with unequal weight, of successive source 
waveforms. The technique is particularly useful for reducing noise 
on signals which drift very slowly in time or amplitude. Each new 
record is added to the accumulated average according to the for- 
mula: 
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N 1 

S(i,„ew) - [ S(i,old) ] + I W(i) ] 

where 

i index over all data points of the waveforms 

W(i) newly acquired waveform 

S(i,old) old accumulated average 

S(i,new) new accumulated average 

N Weight, may be 1, 3, 7, 15, 31, 63, 127 

The factors N/(N+1) and 1/(N+1) determine the weighting at 
which the continuous average is applied to the source waveform. 
Note that the sum of the two factors adds up to the value of 1, 
so that the continuous average of noisy, but otherwise repetitive 
waveforms, resembles the summed average of such waveforms. 
However, the statistics of a continuous average tend to be worse 
than those from a summed average on the same number of sweeps, 
since the most recently acquired waveform has more weight than 
all previously acquired ones. Therefore, the continuous average 
is dominated by the statistical fluctuations of the most recently ac- 
quired waveforms. 

The weight of “old” waveforms in the continuous average gradual- 
ly tends to zero, at a rate which decreases with the increase of 

N. 

The averaging process may be interrupted by switching the trigger 
mode from Norm to Single (28) or by turning the function trace 
OFF (52). Averaging will continue when these actions are re- 
versed. The currently accumulated average may be reset by 
changing an acquisition parameter, such as input gain, offset or 
coupling, trigger condition, time base or bandwidth limit. 

Before processing, the source waveform may be decimated by a 
factor depending on the selected Max Number of Points and the 
source record number of points. The resulting number of points 
is displayed at the bottom of the function menu. See Figure 71 
for an example of the function menu with continuous averaging. 
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Ratio can be computed for any pair of compatible waveforms. 

The arithmetic operations are applied to one or two source wave- 
forms on a data point per data point basis. Different vertical gains 
and offsets of the two sources are automatically taken into account 
in the computed result. However, both source waveforms must 
have the same time base. The trigger point may be different in 
the two source waveforms, although in this case the results may 
be difficult to interpret. 

Before processing, the source waveform may be decimated by a 
factor depending on the selected Max Number of Points and the 
source record number of points. The resulting number of points 
is displayed at the bottom of the function menu. 
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Before processing, the Source 1 waveform may be multiplied by 
a constant Multiplication Factor in the range 0.001 xlO"^^ to 
999.999x10^3 and be offset by an Additive Constant in the 
range -999.999x1033 to 999.999x1033 times the vertical unit 
of the Source 1 waveform. An example of the function menu set 
up for the subtraction of Channel 1 from Channel 2 is shown in 
Figure 72. 




EXTREMA Extrema waveforms are computed by a repeated comparison of 

successive source waveform records with the already accumulated 
extrema waveform, which consists of a maxima record (rooO and 
a minima record (floor) . Whenever a given data point of the new 
waveform exceeds the corresponding maximum value in the roof 
record, it replaces it. If the new data point is smaller than the cor- 
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responding floor value, it replaces it. Thus the maximum and the 
minimum envelope of all waveform records is accumulated. 

Roof and Floor records can be displayed individually or both to- 
gether. 

Whenever the selected maximum number of sweeps is reached, 
the accumulation process stops. The process may be interrupted 
by switching the trigger mode from Norm to Single (28) or by 
turning the function trace OFF (52). Accumulation will continue 
when these actions are reversed. The currently accumulated extre- 
ma waveform may be reset by either changing an acquisition 
parameter, such as input gain, offset or coupling, trigger condition 
or the time base or bandwidth limit. The number of currently ac- 
cumulated waveforms is displayed in the Displayed Trace field 
(VIO) of the function or of its expansion. 

Whenever the maximum number of sweeps is reached, a larger 
number of sweeps may be accumulated by simply changing the 
maximum number of sweeps in the setup menu. In this case, care 
must be taken to leave the other parameters unchanged, otherwise 
the extrema calculation is started again. 

Before processing, the source waveform may be decimated by a 
factor depending on the selected Max Number of Points and the 
source record number of points. The resulting number of points 
is displayed at the bottom of the function menu. An example of 
the function menu set up for roof and floor extrema is shown in 
Figure 73. 
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FUNCTIONS The following mathematical functions can be applied to any wave- 

form: Integral, Derivative, Square, Square Root, Logarithm e. 
Exponential e. Logarithm 10, Exponential 10 and Absolute 
Value. 

Square Root is actually computed on the absolute value of the 
source waveform. 

For logarithmic and exponential functions the numerical value 
(without units) of the input waveform is used. 

Before processing, the Source waveform may be decimated by a 
factor depending on the selected Max Number of Points and the 
source record number of points. The resulting number of points 
is displayed at the bottom of the function menu. 
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Before processing, the source waveform may be multiplied by a 
constant Multiplication Factor in the range 0.001x10'^^ to 
999.999x10^^ and be offset by an Additive Constant in the 
range -999.999 X 10^^ to 999.999x10^^ times the vertical unit 
of the source waveform. 

ENHANCED RESOLUTION Quite often the high sampling rate available in LeCroy oscillo- 
scopes is higher than is actually required for the bandwidth of the 
signal being analyzed. This oversampling, facilitated by the oscillo- 
scope’s long memories, can be used to advantage by filtering the 
digitized signal in order to increase the effective resolution of the 
displayed trace. This is similar to smootliing the signal with a sim- 
ple moving average filter, except that it is more efficient in terms of 
bandwidth, and has better passband characteristics. It therefore 
finds application in situations where averaging of successive traces 
would be useful but can’t be employed because the signal has sing- 
le-shot characteristics. 



Advantages of 




1. In all cases the resolution (i.e. the ability to distinguish closely 
spaced voltage levels) is improved by a fixed amount for each 
filter. This is a true increase in resolution which occurs whether 
or not the signal is noisy, and whether or not it is a single-shot 
or a repetitive signal. 

2. The signal-to-noise ratio (SNR) is improved in a manner which 

depends on the form of the noise in the original signal. This 
occurs because the enhanced resolution filtering decreases the 
bandwidth of the signal, and will therefore filter out some of the 
noise. 

Implementation The oscilloscope implements a set of linear phase finite impulse 

response (FIR) filters, optimised to provide fast computation, ex- 
cellent step response and minimum bandwidth reduction for 
resolution improvements of between 0.5 and 3 bits in 0,5 bit steps. 
Each 0.5 bit step corresponds to a bandwidth reduction by a factor 
of two, allowing easy control of the bandwidth/resolution trade- 
off. The parameters of the six filters are given in the following 
table: 
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Resolution Increase - 


3 dB Bandwidth F 


ilter Length 


(Enhancement) 


( X Nyquist) 


(samples) 


0.5 


0.5 


2 


1 


0.241 


5 


1.5 


0.121 


10 


2 


0.058 


24 


2.5 


0.029 


51 


3 


0.016 


117 


Parameters of the FIR 




Enhanced 


Resolution Filters 





The fillers used are low-pass filters, so the actual increase in SNR 
obtained in any particular situation will depend on the power spec- 
tral density of the noise present on the signal. The improveraeni in 
SNR corresponds to the improvement in resolution if the noise in 
the signal is white, i.e. evenly distributed across the frequency 
spectrum. If the noise power is biased towards high frequencies 
then the SNR improvement will be belter than the resolution im- 
provement. Whereas if the noise is mostly, at lower frequencies, 
the improvement may not be as good as the resolution improve- 
ment. The improvement in the SNR due to the removal of 
coherent noise signals (for example, feed-through of clock sig- 
nals) depends on whether the signal falls in the passband of the 
filter or not. This can easily be deduced by using the spectrum 
analysis option (WP02) of the oscilloscope. 

As an aid to choosing the appropriate filter for a given application, 
the Enhanced Resolution menu (see Figure 74) indicates the 
-3 dB bandwidth of the current filter in two ways. Firstly as a per- 
centage of the Nyquist frequency, and secondly the actual 
frequency that this corresponds to for the time-base setting of the 
current waveform. 
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The filters used for the enhanced resolution function have an ex- 
actly linear phase response. This has two desirable properties. 
Firstly, the filters do not distort the relative position of different 
events in the waveform even if the frequency content of the events 
is different. Secondly, by also using the fact that the waveforms are 
stored, the delay normally associated with filtering (between the 
input and output waveforms) can be exactly compensated for dur- 
ing the computation of the filtered waveform. 

All filters have been implemented to have exactly unity gain (at 
low frequency) . Therefore, enhanced resolution should not cause 
overflow if the source data were not overflowed. If part of the 
source trace had overflowed, filtering will be allowed, but it must 
be remembered that the results in the vicinity (within the length of 
the filter impulse response) of the overflowed data will be incor- 
rect. This is permitted because in some circumstances an overflow 
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When should Enhanced 
Resolution be used? 



may be a spike of only one or two samples. The energy in this spike 
might not be sufficient to significantly affect the results, so it would 
be undesirable to disallow the whole trace in this case. 



There are two main situations for which enhanced resolution is 
especially useful. Firstly, if the signal is noticeably noisy (and mea- 
surements of the noise are not required), the signal can be 
"cleaned up” by using the enhanced resolution function. Second- 
ly, even if the signal is not particularly noisy, but high precision 
measurements of the waveform are required (perhaps when using 
Expand with high vertical gain) then enhanced resolution will in- 
crease the resolution of the measurements. 

In general, enhanced resolution replaces the averaging function in 
situations where the data record has a single-shot or siowly repeti- 
tive nature and averaging cannot be used. 

The following examples illustrate uses of the enhanced resolution 
function in these situations. 
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Figure 75 shows the effect of enhanced resolution on a single-shot 
mechanical vibration, where the trace is scaled according to the 
event which caused the trigger, but the small vibrations in the tail 
of the response are also of interest. The lower grid shows the origi- 
nal signal, the bottom trace being the expansion (x5 vertically, 
X 10 horizontally) of the trace above. The expansion is of approxi- 
mately the 7th time division from the left. The upper grid shows 
the same signals after 3-bit resolution enhancement. Without en- 
hanced resolution the small oscillations were completely lost in the 
noise, but with it the approximately 1 mV oscillations can easily be 
seen and measured. 



I 




I 
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FREQUENCY DOMAIN DISPLAY of the MECHANICAL 
VIBRATION WAVEFORMS of FIGURE 75 
Figure 76 



For the above case the filtering effect of the enhanced resolution 
function is also shown in the frequency domain by the FFT func- 
tion (available as an option). Figure 76 shows the power spectrum 
of the signals in Figure 75. The upper trace is the spectrum of 
channel 2, and the lower trace is the spectrum of Function E, i.e. 
channel 2 after enhanced resolution filtering. The 3.0 bit enhance- 
ment filter has a -3 dB bandwidth of 0.016 times the Nyquist 
frequency, which is about l/6th of a horizontal division. The filter 
removes energy from the signal above this frequency. The residual 
spikes in the lower trace at the -80 dB level are due to the process- 
ing noise (finite arithmetic effects) of long FFT computations. 

Figure 77 shows a relatively noise-free step response (upper 
trace) . The middle trace is the expansion (x 5 vertically, X25 hor- 
izontally) of this step response in the region of the initial peak. The 
lower trace, which is the expansion of the same step response after 
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1-bit enhanced resolution filtering, ciearly shows the advantage of 
even a modest resolution enhancement of 1 bit. 




Enhanced Resolution on 

RIS waveforms Enhanced resolution can almost always be used on RIS waveforms 

without any loss of bandwidth because the RIS traces are usually 
highly oversampled with respect to the analog bandwidth of the 
oscilloscope. For example, at least 1-bit enhancement can always 
be used for RIS waveforms with a time base of 1 p,sec/div or faster. 
This is illustrated in Figure 78 where a 100 MHz signal is displayed 
with (top trace) and without (second trace) 1-bit resolution en- 
hancement. The improvement can easily be seen on the 5 times 
vertically expanded traces shown below. In this case the -3 dB 
bandwidth of the digital enhanced resolution filter was 1 GHz, and 
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thus it has no significant effect on the signal bandwidth of the in- 
strument. 
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IMPROVEMENT of NOISE PRESENT In a RIS WAVEFORM 
when VIEWED with VERTICAL EXPANSION (1-BIT ENHANCEMENT) 

Figure 78 



Conversely, RIS is very useful for increasing the sampling frequen- 
cy of repetitive signals prior to enhanced resolution filtering even if 
RIS wouldn’t be used for the normal trace. This is because the 
-3dB bandwidth of the filter is increased by the increase in effec- 
tive sampling frequency and a more severe filter (greater 
enhancement) can be used for a similar loss of bandwidth. This is 
illustrated in Figure 79, which is the same as Figure 77 except that 
RIS was switched on, allowing the enhancement to be increased to 
3 bits. 
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Function As the filters used for increasing the resolution are low-pass filters, 

they can also be used as low-pass signal filters in some situations. 
With careful choice of the filter bandwidth as a percentage of Ny- 
quist frequency (via choice of the filter’s resolution increase) and 
of the Nyquist frequency (via choice of the time base), the hlters 
can be used to remove or reduce the effects of high-frequency 
interfering signals. The spectrum analysis function will be an in- 
valuable aid to determining the relationship between the different 
component frequencies of the signal. Using, for example, FFT 
Power Density this information can conveniently be seen directly 
in terms of the current Nyquist frequency, so the correct choice 
offilter becomes simple. The spectrum analysis can also be used 
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after filtering to confirm the presence, or otherwise, of the various 
components of the original signal. 
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REMOVAL OF COHERENT INTERFERENCE 
WITH THE ENHANCED RESOLUTION FILTERS 

Figure 80 



Figure 80 shows the effect of enhanced resolution filtering on a 
low- frequency signal which has high-frequency interference. The 
lower grid shows two traces. The bottom one is the original trace 
with high-frequency interference. The trace above is the same sig- 
nal after the 2.5-bit resolution enhancement filter has removed 
the 35 MHz interference. The upper grid shows the Fourier trans- 
form (with 5 times horizontal expansion) of the signals in the lower 
grid, again with the filtered signal above. The -3 dB bandwidth of 
the filter in this case is 5.8 MHz, which corresponds to just over 
one horizontal division. It is clear that the filter has removed al- 
most everything above 5.8 MHz, and the cursors show that the 
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interfering signal has been attenuated by 53 dB. In this case aver- 
aging many traces would not have the desired effect of removing 
the interference because the interference is not random. 

Cautionary notes The enhanced resolution function only improves the resolution of 

a trace, it cannot improve the accuracy or linearity of the original 
quantization by the 8-bit ADC. 




The constraint of good temporal response for the enhanced reso- 
lution filters excludes the use of maximally-flat filters. Therefore, 
the passband will cause slight signal attenuation for signals near the 
cut-off frequency. One must be aware when using these filters that 
the highest frequencies passed may be slightly attenuated. The fre- 
quency response of a typical enhanced resolution filter (the 2-bit 
enhancement filter) is shown in Figure 81. The -3 dB cut-off fre- 
quency at 5.8% of the Nyquist frequency is marked. 
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The filtering must be performed on finite record lengths, therefore 
the discontinuities at the ends of the record cause data to be cor- 
rupted at these points. These data points are not displayed by the 
oscilloscope and so the trace becomes slightly shorter after filter- 
ing. The number of samples lost is exactly equal to the length of 
the impulse response of the filter used, and thus varies between 2 
and 1 17 samples. Because the oscilloscope has very long waveform 
memories this loss is not normally noticed (it is only 0.2% of a 
50,000 point trace, at worst). However, it is possible to ask for 
filtering on a record so short that there would be no data output. 
The oscilloscope will not allow filtering in this case. 
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The FFT option (WP02) adds the spectrum analysis capability to a 
9420 or 9450. 

Spectra of single time-domain waveforms can be computed and 
displayed and Power Averages can be obtained over as many as 
250 spectra. 

This section describes the FFT option. The remote commands for 
the control of FFT processing as well as waveform transfer to and 
from a host computer are listed in the Remote Control Manual. 

FOURIER TRANSFORM Functions E and F (buttons (52)) can be defined as the fast Fouri- 
er transform of one of the source waveforms: Expand A, 
Expand B (50), Memory C, Memory D (51), Function E, Func- 
tion F (52), Channel 1 and Channel 2 (53). 

Pressing Redefine (button (48)) while Function E or F is selected 
accesses the Fourier Transform menu (Figure 82). 
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Spectra are displayed with a linear frequency axis running from 
zero to the Nyquist frequency. The frequency scale factors (Hz/ 
div) are in a 1-2-5 sequence. 

The processing equation is displayed at the bottom of the Fourier 
Transform menu, together with three key parameters which char- 
acterize an FFT spectrum: 

1) Transform Size N (number of input points) 

2) Nyquist frequency 

3) Af (the frequency increment) between two successive points of 
the spectrum. These parameters are related as follows: 

Nyquist frequency = Af » N/2 

Also note that Af = 1/T, where T is the duration of the input 
waveform record (10 * time/div). 

The number of output points is equal to N/2, where N is the num- 
ber of points which were in the time-domain waveform. 

The menu allows the user to set the following parameters: 



Typ® Power Spectrum (dBm) is the signal power (or magnitude) repre- 

sented on a logarithmic vertical scale. 0 dBm corresponds to the 
voltage (0.316 V peak) which is equivalent to 1 mW into 50 fl. 
The power spectrum is suitable for characterizing spectra which 
contain isolated peaks. 

Power Density (dBm) is the signal power normalized to the band- 
width of the equivalent filter associated with the FFT calculation. 
The power density is suitable for characterizing broad-band noise. 

Magnitude (same units as the input signal) is the peak signal am- 
plitude represented on a linear scale. 

Phase (degrees) is measured with respect to a cosine whose maxi- 
mum occurs at the left-hand edge of the screen, at which point it 
has 0®; similarly, a positive-going sine starting at the left-hand 
edge of the screen has -90® phase. 

Real, Imaginary and Real + Imaginary (same units as the input 
signal) represent the complex result of the FFT processing. 

Max Number of Points FFT spectra are computed over all of the source time-domain 

waveform. This parameter limits the number of points used for 
FFT processing. If the input waveform contains more points than 
the selected maximum, these are decimated prior to FFT process- 
ing. If the input waveform has fewer points, all points are used. 
The actual number of points used (Transform Size) is displayed 
at the bottom of the menu screen. 
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Source 



Multiplicative Factor 
and Additive Constant 



Window Type 



Zero Suppression 



Allows the user to select the source signal for FFT. Available 
sources are Expand A, Expand B, Memory C, Memory D, 
Function E, Function F, Channel 1, and Channel 2. The source 
waveform must be a time-domain waveform. The exception is a 
sequence waveform, which can be processed one segment at a 
time by expanding and then using the expanded waveform as the 
source. 



These parameters define a linear transformation of the input data 
prior to the FFT calculation. 

The window type defines the bandwidth and shape of the equiva- 
lent filter associated with the FFT processing. 

The Rectangular window is normally used when: 

a) the signal is a transient which is completely contained in the 
time-domain window 

b) the signal is known to have a fundamental frequency compo- 
nent which is an integral multiple of the fundamental frequency 
of the window. 

Signals not in this class show varying amounts of spectral leakage 
and scallop loss, which can be corrected by using one of the other 
windows. 

The popular Von Hann (Hanning) and Hamming windows re- 
duce leakage and improve amplitude accuracy. However, the 
frequency resolution is also reduced. 

The Flat Top window provides excellent amplitude accuracy, with 
moderate reduction of leakage, at the cost of frequency resolution. 

The Blackman-Harris window reduces the leakage to a mini- 
mum, with a trade-off in frequency resolution. 

Table 5 in the FFT glossary section of this chapter shows the pa- 
rameters of equivalent filters. 



When Zero Suppression is turned ON, the DC component of the 
input signal is forced to zero prior to the FFT processing. This 
improves the amplitude resolution, especially when the input has a 
large DC component. 
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FFT POWER AVERAGE 



Power average is useful for the characterization of broadband 
noise or of periodic signals for which a stable trigger signal is not 
available. 



Note that this type of averaging measures the total power (signal 
and noise) at each frequency. 

A Function (E or F) can be defined as the Power Average of FFT 
spectra computed by the other Function. 



Adjusting the 

FFT Power Average Pressing Redefine (48) while Function E or F is selected accesses 

the Power Average menu (Figure 83), which allows the user to 
adjust the following parameters: 




frequency scale factors are in a 1-2-5 sequence. 
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Source 

Max Number of Sweeps 
PROCESSING FACILITIES 



CURSORS 



FFT INTERRUPTION 
(ABORT) 



This must be another Function (E or F), currently defined as 
Fourier Transform (any result type). 

From 1 to 250 sweeps can be selected. Averaging stops when the 
max number of sweeps is reached, and continues if the number is 
increased. 

Other waveform processing functions such as averaging and arith- 
metic can be applied to waveforms before the FFT processing. 
Time-domain averaging prior to FFT can be used if a stable trigger 
is available. It will reduce the random noise in the signal. 

The Time Magnifier and Position controls operating on the FFT 
output waveforms provide horizontal expansion of up to 1000 
times. The Display Control knobs provide vertical expansion (up 
to 10 times) and control the vertical position of the traces. 

The FFT frequency range (i.e. NyquLst frequency) and the fre- 
quency resolution can be controlled as follows: 

® To increase the frequency resolution, increase the length of the 
time-domain waveform record (i.e. use a slower time base). 

« To increase the frequency range, increase the effective sampling 
frequency (i.e. increase the Max number of points or use a 
faster time base) . 

The Memory Status menu displays parameters of the waveform 
descriptor (number of points, horizontal and vertical scale factors 
and units, etc.). 

To read the amplitude and frequency of a data point, the Abso- 
lute Time cursor can be moved over into the frequency domain by 
going beyond the right-hand edge of a time-domain waveform. 

The Relative Time cursors can be moved over into the frequency 
domain to simultaneously indicate the frequency difference and 
the amplitude difference between two points on each frequency- 
domain trace. 

The Absolute Voltage cursor reads the absolute value of a point in 
a spectrum in the appropriate units, and the Relative Voltage cur- 
sors indicate the difference between two levels on each trace. 



During FFT computation the symbol FFT is displayed in the lower 
left-hand corner of the screen (field (III) . Since the computation 
of FFT on long time-domain records may take up to 1 minute, it is 
possible to interrupt an FFT computation with any front-panel 
button or knob. 
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FFT ALGORITHMS A summary of algorithms used in the 9420/50’s FFT computation 

is given for reference, 

1) If the Max number of points is smaller than the source num- 
ber of points, the source waveform data are decimated prior to 
the FFT. The decimated data cover the full length of the 
source waveform. 

The resulting’ sampling interval and the actual transform size 
.selected provide the frequency scale factor in a 1-2-5 se- 
quence. 

2) The data are multiplied by the selected factor, and the selected 
con.stant is added. 

3) If Zero Suppression is ON, the DC component of data is com- 
puted and is subtracted, from the data. 

4) The data are multiplied by the selected window function. 

5} FFT is computed, using a fast implementation of the DFT (Dis- 




nary part is 0 

is the resulting complex frequency-domain wave- 
form. 



W 



^ X 2 X jr / N) 



N is the number of points in Xfc and 



The generalized FFT algorithm, implemented in the 9420/50, 
works on N which need not be a power of 2. 

6) The re,sulting complex vector is divided by the coherent gain 
of the window function, to compensate for the loss of the signal 
energy due to windowing. This compensation provides accurate 
amplitude values for isolated spectrum peaks. 

7) The real part of X„ is symmetric around the Nyquist frequency, 
that is: 

R„ - Rj^-n 

while the imaginary part is asymmetric, that is: 
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The energy of the signal at a frequency ii is distributed equally 
between the first and the second halves of the spectrum; the 
energy at frequency 0 is completely contained in the 0 term. 

The first half of the spectrum (Re, Im), from 0 to the Nyquist 
frequency is kept for further processing and doubled in ampli- 
tude: 

R'n= 2 X Rn 0 <n<N!2 

= 2 X In 0 <n<N!2 

8) The resultant waveform is computed for the spectrum type se- 
lected. 

If Real, Imaginary or both are selected, no further computa- 
tion is needed. The appropriate part of the complex result is 
given as the result or /'„ or R' n + as defined above). 

If Magnitude is selected, the magnitude of the complex vector 
is computed as: 




Steps (1) to (8) above lead to the following result: 

An AC sine wave of amplitude 1.0 V and an integral number 
of periods Np in the time window, transformed with the rectan- 
gular window, results in a fundamental peak of 1.0 V 
magnitude in the spectrum at frequency Np X Af. 

However, a DC component of 1.0 V, transformed with the 
rectangular window, results in a peak of 2.0 V magnitude at 
0 Hz. 

The waveforms for the other available types are computed as 
follows: 

Phase: angle = arctan (In/Rn) A^n > Afmin 
angle ~ 0 Afn < Afmin 

where Mmin is the minimum magnitude, fixed at about 0.001 of 
the full scale at any gain setting, below which the angle is not 
well defined. 

dBm Power Spectrum: 



dBm PS 



10 X logio 




20 X logio 




where Mref =0.316 V (that is, 0 dBm is defined as a sine wave 
of 0.316 Vpeak or 0.224 V RMS, giving 1.0 mW into 50 O). 
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The “dBm Power Spectrum” is the same as “dBm Magnitude”, 
as suggested by the above formula. 

dBm Power Density; 

dBm, PD = dBm PS ~ 10 X logio (ENBW x Af) 

where ENBW is the equivalent noise bandwidth of the filter 
corresponding to the selected window 

Af is the current frequency resolution (bin 

width) 

9) The FFT Power Average takes the complex frequency-domain 
data R‘j 5 and I'nfor each spectnim generated instep (7) above, 
and computes the square of the magnitude 

-f 

totals Mn^ and counts the accumulated spectra. The total is 
normalized by the number of spectra and converted to the se- 
lected result type using the same formulae as are used for the 
Fourier Transform. 
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EXAMPLES OF FFT 
PROCESSING 
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FFT AND POWER AVERAGE OF A SQUARE WAVE 
Figure 84 



Figure 84 shows an FFT and a power average of an FFT of a 
square wave signal. 

Channel 1 (top trace) contains a 1 kHz, 100 mVpp square wave. 

Function E (third from the top) is defined as the FFT of Chan- 
nel 1, with the Max number of points set to 5000, resulting in a 
Transform Size of 4000. The Window is Rectangular and Zero 
Suppression is ON. Type has been set to Power Spectrum. 

Function F (bottom trace) is the Power Average of Function E 
and has averaged 30 spectra. Notice the lowered noise floor. 

Expansion A (second from the top) shows a tenfold horizontal 
expansion of the FFT (Function E). 











FFT Option (WP02) 




Figure 85 shows a situation similar to Figure 84. 

Expansion B shows a lOx horizontal expansion of Function F, the 
Power Average (26 spectra accumulated and averaged). 

The Absolute Time cursor is turned on and placed on the 9th 
harmonic of the 1 kHz square wave. 
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Figure 86 illustrates an example with spectral leakage and the use 
of an appropriate window to reduce the leakage. 

Channel 1 (top trace) shows a triangular wave, of approximately 
1 kHz frequency. 

Expansion B (bottom trace) is an expansion of an FFT with a 
Rectangular window. Each peak, and especially the fundamental 
component at 1 kHz, influences the spectrum over a wide range of 
frequencies due to the leakage of the signal power through the side 
lobes of the equivalent filter. 

Expansion A (middle trace) is an expansion of another FFT of the 
same Channel 1 waveform, defined with the Blackman-Harris 
window. The leakage is dearly reduced, but the peaks around the 
harmonics are wider. This reflects the increased bandwidth of the 
filter associated with the Blackman-Harris window. 
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FFT GLOSSARY 



Aliasing 



Coherent Gain 




This glossary defines terms frequently used in FFT spectrum anal- 
ysis and relates them to the oscilloscope. 

If the input signal to a sampling acquisition system contains com- 
ponents whose frequency is greater than the Nyquist frequency 
(half the sampling frequency), there will be less than two samples 
per signal period. The result is that the contribution of these com- 
ponents to the sampled waveform will be indistinguishable from 
that of components below the Nyquist frequency. This is called 
aliasing. 

The FFT definition menu displays the effective Nyquist frequency. 
The user should select the time base and transform size resulting in 
a Nyquist frequency higher than the highest significant component 
in the time-domain record. 

The normalized coherent gain of a filter corresponding to each 
window function is 1.0 (0 dB) for a rectangular window and less 
than 1 . 0 for other windows . It defines the loss of signal energy due 
to the multiplication by the window function. In the 9420/50 this 
loss is compensated. Table 5 lists the values for the windows im- 
plemented. 

For a filter associated with each frequency bin, ENBW is the band- 
width of an equivalent rectangular filter (having the same gain at 
the center frequency) which would collect the same power from a 
white noise signal. In Table 5, ENBW is listed for each window- 
function implemented and is given in bins. 



Window type 


Highest 
side lobe 

m) 


Scallop 

loss 

(dB) 


ENBW 

(bins) 


Coherent 

gain 

(dB) 


Rectangular 


-13 


3.92 


,1.0 


0.0 


von Hann 


-32 


1.42 


1.5 


-6.02 


Hamming 


-43 


1.78 


1.37 


-5.35 


Flat-Tbp 


-44 


0.01 


2.96 


-11.05 


Blackman-Harris 


-67 


1.13 


1.71 


-7.53 



Window FVequency-domain Parameter 
TkbleS 



196 





FFT Option (WP02) 



Filters 



Frequency Bins 



Frequency Range 



Frequency Resolution 



Leakage 



Computing an N-point FFT is equivalent to passing the time- 
domain input signal through N/2 filters and plotting their outputs 
against the frequency. The spacing of filters is Af = 1/T while the 
bandwidth depends on the window function used (see Frequency 
Bins below). 

The FFT algorithm takes a discrete source waveform, defined over 
N points, and computes N complex Fourier coefficients, which are 
interpreted as harmonic components of the input signal. 

For a real source waveform (imaginary part equals 0), there are 
only N/2 independent harmonic components. 

An FFT corresponds to analyzing the input signal with a bank of 
N/2 filters, all having the same shape and width, and centered at 
N/2 discrete frequencies. Each filter collects the signal energy that 
falls into the immediate neighborhood of its center frequency, and 
thus it can be said that there are N/2 “frequency bins”. 

The distance, in Hz, between the center frequencies of two neigh- 
boring bins is always: 

Af = 1/T 

where T is the duration of the time-domain record in seconds. 

The width of the main lobe of the filter centered at each bin de- 
pends on the window function used. The rectangular window has a 
nominal width at 1.0 bin. Other windows have wider main lobes 
(see Table 5). 

The range of frequencies computed and displayed in the 9420/50 
is 0 Hz (displayed at the left-hand edge of the screen) to the Ny- 
quist frequency (displayed at the right-hand edge of the screen). 

In a simple sense, the frequency resolution is equal to the bin 
width, Af. That is, if the input signal changes its frequency by Af, 
the corresponding spectrum peak will be displaced by Af. For 
smaller changes of frequency, only the shape of the peak will 
change. 

However, the effective frequency resolution (i.e. the ability to re* 
solve two signals whose frequencies are almost the same) is further 
limited by the use of window functions. The ENBW value of all 
windows other than the rectangular is greater than Af, i.e. greater 
than the bin width. Table 5 lists the ENBW value for the windows 
implemented. 

Observe the power spectrum of a sine wave having an integral 
number of periods in the time window (i.e. the source frequency 
equals one of the bin frequencies) using a rectangular window. 
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The spectrum contains a sharp component whose value reflects 
accurately the source waveform’s amplitude. For intermediate in- 
put frequencies this spectral component has a lower and broader 
peak. 

The broadening of the base of the peak, stretching out into many 
neighboring bins is termed the leakage. It is due to the relatively 
high side lobes of the filter associated with each frequency bin. 

The filter side lobes and the resulting leakage are reduced when 
one of the available window functions is applied. The best reduc- 
tion is provided by the Blackman-Harris and the Flat Top 
windows. However, this reduction is offset by a broadening of the 
main lobe of the filter. 

Numbers of Points FFT is computed over the number of points (Transform Size) 

whose upper bounds are the source number of points and the Max 
number of points selected in the Fourier Transform menu. The 
effective transform size (number of points input to FFT) N is dis- 

Oi. L/KJL\^KJllX kjl U,iC tl£CiiU« 

FFT generates spectra having N/2 output points. 

Nyquist Frequency The Nyquist frequency is equal to one half of the effective sam- 

pling frequency (after the decimation), i.e. Af x N/2. 

The value of Nyquist frequency is displayed at the bottom of the 
Fourier Transform menu. 

Picket Fence Effect If a sine wave has a whole number of periods in the time domain 

record, the power spectrum obtained with a rectangular window 
will have a sharp peak, corresponding exactly to the frequency and 
amplitude of the sine wave. On the other hand, if a sine wave does 
not have a whole number of periods in the record, the spectrum 
peak obtained with a rectangular window will be lower and broad- 
er. 

The highest point in the power spectrum can be 3.92 dB lower 
(1.57 times) when the source frequency is halfway between two 
discrete bin frequencies. This variation of the spectrum magnitude 
is called the picket fence effect (the loss is called the scallop loss). 

All window functions compensate this loss to some extent, but the 
best compensation is obtained with the flat top window (see 
Table 5). 
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Power Spectrum The power spectrum (V^) is the square of the magnitude spec- 

trum. 

The power spectrum is displayed on the dBm scale, with 0 dBm 
corresponding to Vref^ = (0.316 Vpeak)^, where Vref is the peak 
value of the sinusoidal voltage which is equivalent to 1 mW into 
50 n . 

Power Density Spectrum The power density spectrum (V^/Hz) is the power spectrum di- 
vided by the equivalent noise bandwidth of the filter, in Hz. 

The power density spectrum is displayed on the dBm scale, with 
0 dBm corresponding to (VreP/Hz). 

Sampling Frequency The time-domain records are acquired at sampling frequencies 

which depend on the selected time base (consult the sampling rate 
tables in Section 6) . 

Before the FFT computation, the time-domain record may be 
decimated. If the selected maximum number of points is lower 
than the source number of points, the effective sampling frequen- 
cy is reduced. 

The effective sampling frequency equals twice the Nyquist fre- 
quency (displayed in the Fourier Transform menu). 

Scallop Loss Loss associated with the picket fence effect (listed in Table 5 for 

windows implemented). 

Window Functions All available window functions belong to the sum of cosines family 

with one to three non-zero cosine terms: 

m=M-l 

Wk = 2 

m»0 

where M - 3 is the maximum number of terms 

Qm are the coefficients of the terms 

N is the number of points of the decimated source 
waveform 

k is the time index 
Table 6 lists the coefficients am^ 

The window functions, seen in the time domain are symmetric 
around the point k = N/2, (mid-screen on the oscilloscope). 
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Window type 


aO 


al 


a2 


Rectangular 


1.0 


0.0 


0.0 


von Hann 


0.5 


-0.5 


0.0 


Hamming 


0.54 


-0.46 


0.0 


Flat-Top 


0.281 


-0.521 


0.198 


Blackman-Harris 


0.423 


-0.497 


0.079 



Coefficients of Window Functions 
Table 6 



ERROR MESSAGES For some combinations of source waveform properties and pro- 

cessing functions, one of the following error messages may be 
displayed at the top of the screen: 



FFT is not defined 
FFT of a single 



expansion as the 
only on a Function 



of a sequence 
FFT source signal 
defined as FFT 



is available by selecting an 
power average is 



Horizontal units 

don’t match FFT of a frequency-domain waveform is not available. 



FFT source data zero filled If there are invalid data points in the source waveform (at the be- 
ginning or at end of the record) , these are replaced by zeros before 
FFT processing. 



FFT source data 

over/underflow The source waveform data has been clipped in amplitude, either in 

the acquisition (gain too high or inappropriate offset) or in pre- 
vious processing. The resulting FFT contains harmonic 
components which would not be present in the undipped wave- 
form. 

The settings defining the acquisition or processing should be 
changed to eliminate the over/underflow condition. 

Circular computation A Function definition is circular (i.e. the Function is its own 

source, indirectly via another Function or Expansion). One of the 
Definitions should be changed. 
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Automatic Setup, 11, 21, 63, 132 



Acquisition modes, 7 
Glitch Detection, 7 

Random Interleaved Sampling, 32—33 
Roll mode, 33 
Sampling rates, 7 
Single-shot acquisition, 33 
Time base, 32, 34 
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Acquisition Modes, 17 

Glitch detection, 17 

Random Interleaved Sampling, 35 

Roll mode, 35 

Sampling rates, 17 

Single-shot acquisition, 35 

Time base, 35, 36 

A 

Abridged Front-pan^I Status Field, 27 
Abridged Trigger Field, 26 
Absolute value. See WPOl Waveform Pro- 
cessing 

Accuracy DC, 6, 16 
Acquisition, 131 

Fast repetitive signals, 135—137 
Sequence, 42—43, 140, 143 
Single-shot, 137-139 
Slow signals, 139—140 
Aliasing, 196 
Arithmetic, 11, 21 

See also WPOl Waveform Processing 
Addition/subtraction, 50—51 
Assistance, 1 

Automatic Calibration, 5, 12, 15, 22, 161 



B 

Bandwidth Limiter, 37 
Batteries, 12, 22 

Bi-level Trigger, 9, 19, 91-93 

c 

Calibration, Automatic, 5, 12, 15, 22, 161 
Connectors 

Accessory control, 129 
Accessory power, 127, 128 
External CK input, 129 
Sampling CK output, 129 
Trigger out, 129 
Trigger veto, 129 

Continuous Average. See WPOl Waveform 
Processing 

Continuous Sequence Mode, 87 
Cursors, 10, 20, 51-55 
FFT analysis, 189 
Time, 53—56 
Voltage, 51-53 
XY mode, 83 
Customer Service, 1—2 

D 

Derivative. See WPOl Waveform Processing 

Display, 44—45 

Display Resolution, 10, 20 

Displayed Trace Field, 27 

Dual Grid, 25, 51, 134 

Dual Zoom Expansion, 47—49, 148—151 
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E 

ENBW - Equivalent Noise Bandwidth, 196 

Enhanced Resolution. See WPOl Waveform 
Processing 

Exponential. See WPOl Waveform Process- 
ing 

External Clock. Input, 7, 17, 87, 129 
External Time-base Control, 87 
Extrema. See WPOl Waveform Processing 

F 

Fast Fourier Transform. See WP02 FFT 
Processing 

FASTGLITCH, 91, 105 

FFT Algorithms. See WP02 FFT Processing 

FFT Power Average. See WP02 FFT Pro- 
cessing 

FIELDLOCK, 124 

Functions. See WPOl Waveform Processing 
Fuses, 127 

H 

Hard Copies, 10, 20, 77-79 

HF Trigger Coupling, 38 

Hold-off by Number of Events, 102—104 

Hold-off by Time, I01“"i02 

Hold-off by Time or Number of Events, 90, 
100-103 

I 

Integral. See WPOl Waveform Processing 
Intensity, 51 

Interval Width Trigger, 90-91, 107-110 



L 

Logarithm. See WPOl Waveform Processing 

M 

Maintenance, 1 

Memory Status Menu, 66—70, 146 

Menu Field, 26 
Message Field, 28 




Panel Status Menu, 64—66, 146 
Pattern Trigger, 9, 19, 91—93 

Picket Fence Effect, 198 
Power Density Spectrum, 199 
Power Spectrum, 199 
Probe Calibrator, 12, 22, 132 
Check, 135 
Connection, 131 
Specifications, 37 
Pulse Parameters, 11, 21, 56—61 
Information and warning symbols, 62 
Time measurements, 60—61 
Voltage measurements, 59—60 
Pulse Width Trigger, 90-91, 104-107 

R 

RAN - Return Authorization Number, 2 

Random Interleaved Sampling, 32—33, 35 

Real-time Clock Field, 26 

Recalling Front-panel Setups, 72—75, 144 

Recalling Waveforms, 145 

Remote Control, 6, 11—12, 16, 21—22 
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Remote Control and Interruption, 63 
Reset, 130 
Return Procedure, 2 
RS-232-C Setup, 80-81 

s 

Safety Information, 23 

Sampling Clock Output, 7, 17, 129 

Sampling Frequency, 199 

Saving Front-panel Setups, 72—75, 144 

Screen Dump button, 51 

Sensitivity (Volts/div), 29—32 

Service Procedure, 2 

Signal Coupling, 29 

SMART Trigger Menu, 97-98 

Special Modes, 86—87 

Continuous sequence mode, 87 
External time-base control, 87 
Specifications, 6, 16 
Bandwidth, 6, 16 
Trigger, 8, 18 
FASTGLITCH, 9, 19 
SMART, 8, 18 
Pattern, 9, 19 
State-qualified, 9, 19 
Time/Event-qualified, 9, 19 
TV, 9-10. 19-20 

Square. See WPOl Waveform Processing 

Square Root. See WPOl Waveform Process- 
ing 

State-qualified Trigger, 9, 19, 94 
Storing Waveforms, 85, 145—146 
Summed Average, 11, 21 
See also WPOl Waveform Processing 



T 

Time and Frequency Field, 26 
Time Setup Menu, 81 
Time/Event Qualified Trigger. 9, 19, 95 
Trigger, 4—5, 14—15 
Out, 8. 18, 129 
SMART 

Applications, 89—94 
Hold-off, 90 
Pattern, 91—93 
State-qualified, 94 
Time/Event qualified, 95 
TV trigger, 96 

Width-based triggering, 90—91 
Bi-levei, 9, 19. 114-115 
Pattern, 111—115 
Single-source, 100—111 
State-qualified, 116—118 
Time/events qualified, 119—122 
Status, 43 

Veto, 8, 18, 129-130 
Trigger Controls, Standard, 37 
Coupling, 38—39 
HF, 38 

Delay, HF, 39 
Level, 39—40 
Mode, 40-43 
Slope, 40 
Sources, 38 

Trigger Delay Field, 26 
Trigger Graphics, 98—99 
Trigger Symbols, 43, 98—99 
Trigger Time Stamps, 70—72 
TV Trigger, 9. 19, 96 
FIELDLOCK, 124 
Trigger on a particular field, 9—10, 
19-20, 124 

Trigger on a particular line, 9, 19, 124 
Trigger on any line, 9, 19, 124 
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Voltage, Operating, 23, 127 

w 

Warranty, 1 

Waveform Expansion, 45, 146 
Waveform Processing, 153—154 
See also WPOl Waveform Processing 
Arithmetic. 153—154 
Addition, 153 
Identity, 51 

Negation, 51, 153—154 
Averaging, summed, 50, 154 
Width-based Triggers, 90—91 
Interval width, 90—91 
Pulse width, 90—91 
WPOl Waveform Processing 
Arithmetic, 168—169 
Continuous averaging, 166—168 
Extrema, 169-171 



Functions, 171—172 
Absolute value. 171—172 
Derivative, 171—172 
Exponential, 171—172 
Integral, 171—172 
Logarithm, 171—172 
Square, 171—172 
Square root, 171—172 
Enhanced resolution, 172—183 
Summed average, 164—166 
WP02 FFT Processing 
Cursors, 189 

Fast Fourier Transform, 185—188 
FFT algorithms, 190-192 
FFT examples, 193 
FFT power average, 188—189 
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